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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to technology for
non-volatile memory.

Description of the Related Art

[0002] Semiconductor memory has become more
popular for use in various electronic devices. For exam-
ple, non-volatile semiconductor memory is used in cel-
lular telephones, digital cameras, personal digital assist-
ants, mobile computing devices, non-mobile computing
devices and other devices. Electrically Erasable Pro-
grammable Read Only Memory (EEPROM), including
flash EEPROM, and Electrically Programmable Read
Only Memory (EPROM) are among the most popular
non-volatile semiconductor memories.
[0003] EEPROM and EPROM are non-volatile mem-
ories that can be erased and have new data written or
"programmed" into their memory cells. Both utilize a float-
ing gate in a transistor structure that is positioned above
and insulated from a channel region in a semiconductor
substrate. The floating gate is positioned between the
source and drain regions. A control gate is provided over
and insulated from the floating gate. The threshold volt-
age of the transistor is controlled by the amount of charge
that is retained on the floating gate. For a given level
charge on the floating gate, there is a corresponding
threshold voltage that must be applied to the control gate
before the transistor is turned "on" to permit conduction
between its source and drain regions.
[0004] The floating gate can hold a range of charges
and therefore, can be programmed to any threshold volt-
age level within a threshold voltage window. The size of
the threshold voltage window is delimited by the minimum
and maximum threshold levels of the device, which in
turn correspond to the range of the charges that can be
programmed onto the floating gate. The threshold volt-
age window generally depends on the memory device’s
characteristics, operating conditions, and history. Each
distinct, resolvable threshold voltage level range within
the window can, in principle, be used to designate a def-
inite memory state of the cell
[0005] Some EEPROM and flash memory devices
have a floating gate that is used to store two ranges of
charges and, therefore, the memory cell can be pro-
grammed/erased between two states (an erased state
and a programmed state). Such a flash memory device
is sometimes referred to as a binary flash memory device.
[0006] A multi-state flash memory device is imple-
mented by identifying multiple distinct allowed/valid pro-
grammed threshold voltage ranges separated by forbid-
den ranges. Each distinct threshold voltage range corre-
sponds to a predetermined value for the set of data bits

encoded in the memory device.
[0007] When programming an EEPROM, such as a
NAND flash memory device, typically a program voltage
is applied to the control gate and the bit line is grounded.
Electrons from the channel are injected into the floating
gate. When electrons accumulate in the floating gate, the
floating gate becomes negatively charged and the
threshold voltage of the memory cell is raised so that the
memory cell is in a programmed state. More information
about programming can be found in U.S. Patent Appli-
cation 10/379,608 (Publication No. US 2004/0174748),
titled "Self-Boosting Technique," filed on March 5, 2003
and U.S. Patent Application 10/629,068 (Publication No.
US 2005/0024939), titled "Detecting Over Programmed
Memory," filed on July 29, 2003.
[0008] Shifts in the apparent charge stored on a float-
ing gate can occur because of coupling of an electric field
based on the charge stored in adjacent floating gates.
This floating gate to floating gate coupling phenomena
is described in U.S. Patent 5,867,429.
An adjacent floating gate to a target floating gate may
include neighboring floating gates that are on the same
bit line, neighboring floating gates on the same word line,
or neighboring floating gates that are on both a neigh-
boring bit line and neighboring word line, and thus, across
from each other in a diagonal direction.
[0009] The floating gate to floating gate coupling phe-
nomena occurs most pronouncedly, although not exclu-
sively, between sets of adjacent memory cells that have
been programmed at different times. For example, a first
memory cell can be programmed to add a level of charge
to its floating gate that corresponds to a set of data. Sub-
sequently, one or more adjacent memory cells are pro-
grammed to add a level of charge to their floating gates
that correspond to a set of data. After one or more of the
adjacent memory cells are programmed, the charge level
read from the first memory cell may appear to be different
than when it was programmed because of the effect of
the charge on the adjacent memory cell(s) being coupled
to the first memory cell. The coupling from adjacent mem-
ory cells can shift the apparent charge level being read
from a selected memory cell by a sufficient amount to
lead to an erroneous reading of the data stored.
[0010] The effect of the floating gate to floating gate
coupling is of greater concern for multi-state devices be-
cause in multi-state devices the allowed threshold volt-
age ranges and the forbidden ranges (range between
two distinct threshold voltage ranges that represent dis-
tinct memory states) are narrower than in binary devices.
Therefore, floating gate to floating gate coupling can re-
sult in memory cells being shifted from an allowed thresh-
old voltage range to a forbidden range.
[0011] As memory cells continue to shrink in size, the
natural programming and erase distributions of threshold
voltages are expected to increase due to short channel
effects, greater oxide thickness/coupling ratio variations
and more channel dopant fluctuations, reducing the avail-
able separation between adjacent states. This effect is
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much more significant for multi-state memories than bi-
nary memories using only two states. Furthermore, the
reduction of the space between word lines and between
bit lines will also increase the coupling between adjacent
floating gates.
[0012] Thus, there is a need to have a non-volatile
memory that effectively manages the aforementioned
problems of floating gate coupling.

SUMMARY OF THE INVENTION

[0013] The read process for a selected memory cell
takes into account the state of one or more adjacent
memory cells. If an adjacent memory cell is in one or
more of a predetermined set of programmed states, a
compensation current can be provided to increase the
apparent conduction current of the selected memory cell.
An initialization voltage is provided to the bit line of the
programmed adjacent memory cell to induce a current
between the bit line of the adjacent memory cell and the
bit line of the selected memory cell Various initialization
voltages and sampling periods during sensing can be
used based on the actual state of a programmed adjacent
memory, cell.
[0014] According to one aspect of the present inven-
tion there is provided a method of reading data from non-
volatile storage as claimed in claim 1.
[0015] More than one state can be considered during
reading the first non-volatile storage element and an in-
itialization voltage provided if the first non-volatile storage
element is in any of the considered states. The same
initialization voltage and recovery time can be used dur-
ing sensing or various initialization voltages and recovery
times can be used based on the actual state of the first
non-volatile storage element. Moreover, additional non-
volatile storage elements can be read to determine
whether the initialization voltage or additional initializa-
tion voltages should be provided. In one embodiment,
the first group of non-volatile storage elements is a first
NAND string and the second group of non-volatile stor-
age elements is a second NAND string adjacent to the
first NAND string.
[0016] Embodiments have application in numerous
types of memory architectures using numerous types of
programming and reading. By way of non-limiting exam-
ple, embodiments including an all bit line architecture or
an odd/even architecture can be used. In either of these
architectures, memories cells programmed using full se-
quence programming, various types of upper/lower page
programming, and other programming techniques can
be read using the principles embodied herein.
[0017] According to another aspect of the present in-
vention there is provided a non-volatile memory system
as claimed in claim 16.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is a top view of a NAND string.

[0019] Figure 2 is an equivalent circuit diagram of the
NAND string.
[0020] Figure 3 is a cross-sectional view of the NAND
string.
[0021] Figure 4 is a block diagram of an array of NAND
flash memory cells.
[0022] Figure 5 is a block diagram of a non-volatile
memory system.
[0023] Figure 6 is a block diagram of a non-volatile
memory system.
[0024] Figure 7 is a block diagram depicting one em-
bodiment of a sense block of Figures 5 and 6..
[0025] Figure 8 is a schematic diagram of one embod-
iment of a sense module of Figure 7.
[0026] Figure 9 is a flow chart describing one embod-
iment of a process for programming non-volatile memory.
[0027] Figure 10 is an exemplary wave form applied
to the control gates of non-volatile memory cells.
[0028] Figure 11 depicts an exemplary set of threshold
voltage distributions.
[0029] Figure 12 depicts an exemplary set of threshold
voltage distributions.
[0030] Figures 13A-13C show exemplary threshold
voltage distributions and describe an exemplary process
for programming non-volatile memory.
[0031] Figure 14 shows exemplary threshold voltage
distributions and the effects of source line bias.
[0032] Figure 15 is a timing diagram explaining a por-
tion of the operation of a sense module.
[0033] Figure 16 is a flow chart describing one embod-
iment of a process for reading non-volatile memory.
[0034] Figure 17 is a flow chart describing one embod-
iment of a process for reading a page of data from non-
volatile memory.
[0035] Figures 18A-18B depict the shift in apparent
charge stored on the floating gates of an exemplary pop-
ulation of memory cells because of coupling of an electric
field based on the charge stored in adjacent floating
gates.
[0036] Figures 19A-19B depict the effect on the con-
duction current of an exemplary memory cell because of
coupling of an electric field based on the charge stored
in adjacent floating gates.
[0037] Figure 20 is a simplified circuit diagram of a
memory system depicting compensation currents in ac-
cordance with one embodiment.
[0038] Figure 21 is a graph depicting the conduction
current of an exemplary memory cell as seen by a sense
amplifier when a compensation current is used.
[0039] Figure 22 is a timing diagram of the operation
of a sense module while sensing using compensation
currents.
[0040] Figure 23 is a flow chart describing one embod-
iment of a process for reading data using compensation
currents.
[0041] Figure 24 is a flow chart describing one embod-
iment of a process for reading data from an upper page
in an all bit line architecture.
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[0042] Figure 25 is a flow chart describing one embod-
iment of a process for reading data from an upper page
in an odd/even bit line architecture.
[0043] Figure 26 is a flow chart describing one embod-
iment of a process for reading data from an upper page
in an odd/even bit line architecture.

DETAILED DESCRIPTION

[0044] One example of a memory system suitable for
implementing embodiments of the present invention us-
es the NAND flash memory structure, which includes ar-
ranging multiple transistors in series between two select
gates. The transistors in series and the select gates are
referred to as a NAND string. Figure 1 is a top view show-
ing an exemplary NAND string 50. Figure 2 is an equiv-
alent circuit thereof. The NAND string depicted in Figures
1 and 2 includes transistors, M0, M1, M2, and Mn, in
series and sandwiched between a first select gate S1
and a second select gate S2. In one embodiment, tran-
sistors M0, M1, M2, and Mn each form an individual mem-
ory cell of the NAND string. In other embodiments, the
memory cells of a NAND string may include multiple tran-
sistors or may be different than that depicted in Figures
1 and 2. The memory cell Mn is labeled as such to indicate
that a NAND string can include any number (n) memory
cells, be it less than or greater than four as depicted (e.g.,
2, 8, 16, 32, etc.). The discussion herein is not limited to
any particular number of memory cells in a NAND string.
Select gate S1 connects the NAND string to drain termi-
nal 22 which is in turn connected to a bit line (not shown).
Select gate S2 connects the NAND string to source ter-
minal 24 which is in turn connected to a source line (not
shown). Select gate S1 is controlled by applying the ap-
propriate voltages to control gate 18CG via select line
SGD and select gate S2 is controlled by applying the
appropriate voltages to control gate 20CG via select line
SGS. Each of the transistors M0, M1, M2, and Mn has a
control gate and a floating gate. Transistor M0 includes
control gate 10CG and floating gate 10FG. Transistor M1
includes control gate 12CG and floating gate 12FG. Tran-
sistor M2 includes control gate 14CG and floating gate
14FG. Transistor Mn includes control gate 16CG and
floating gate 16FG. Control gate 10CG is connected to
word line WL0, control gate 12CG is connected to word
line WL1, control gate 14CG is connected to word line
WL2, and control gate 16CG is connected to word line
WLn.
[0045] Figure 3 provides a cross-sectional view of the
NAND string described above, wherein it is assumed that
there are four memory cells in the NAND string. Again,
the discussion herein is not limited to any particular
number of memory cells in a NAND string. As depicted
in Figure 3, the transistors of the NAND string are formed
in p-well region 40. Each transistor includes a stacked
gate structure that consists of a control gate (10CG,
12CG, 14CG and 16CG) and a floating gate (10FG,
12FG, 14FG and 16FG). The floating gates are formed

on the surface of the p-well on top of an oxide or other
dielectric film. The control gate is above the floating gate,
with an inter-polysilicon dielectric layer separating the
control gate and floating gate. The control gates of the
memory cells (M0, M1, M2 and Mn) form the word lines.
N+ doped layers 30, 32, 34, 36 and 38 are shared be-
tween neighboring cells, whereby the cells are connected
to one another in series to form a NAND string. These
N+ doped layers form the source and drain of each of
the elements of the string. For example, N+ doped layer
30 serves as the drain of transistor S2 and the source
for transistor M0, N+ doped layer 32 serves as the drain
for transistor M0 and the source for transistor M1, N+
doped layer 34 serves as the drain for transistor M1 and
the source for transistor M2, N+ doped layer 36 serves
as the drain for transistor M2 and the source for transistor
Mn, and N+ doped layer 38 serves as the drain for tran-
sistor Mn and the source for transistor S1. N+ doped layer
22 forms the drain terminal and connects to a common
bit line for multiple NAND strings, while N+ doped layer
24 forms the source terminal and connects to a common
source line for multiple NAND strings.
[0046] Each memory cell can store data represented
in analog or digital form. When storing one bit of digital
data, the range of possible threshold voltages of the
memory cell is divided into two ranges which represent
distinct memory states. The memory states are assigned
logical data "1" and "0." At least one current breakpoint
level is generally established so as to partition the con-
duction window of the memory cell into the two ranges.
When the cell is read by applying predetermined, fixed
voltages, its source/drain conduction current is resolved
into one of the memory states by comparing it with the
breakpoint level (or reference current). If the current read
is higher than that of the breakpoint level, the cell is de-
termined to be "on" and in one logical state. If the current
is less than the breakpoint level, the cell is determined
to be "off’ and in the other logical state. In one example
of a NAND-type flash memory, the voltage threshold is
negative after the memory cell is erased, and defined as
logic "1." The threshold voltage is positive after a pro-
gram operation, and defined as logic "0." When the
threshold voltage is negative and a read is attempted by
applying 0 volts to the control gate, the memory cell will
turn on to indicate logic one is being stored. When the
threshold voltage is positive and a read operation is at-
tempted by applying 0 volts to the control gate, the mem-
ory cell will not turn on to indicate that logic zero is being
stored.
[0047] A memory cell can also store multiple bits of
digital data by utilizing more than two ranges of threshold
voltages to represent distinct memory states. The thresh-
old voltage window can be divided into the number of
desired memory states and multiple breakpoint levels
used to resolve the individual states. For example, if four
states are used, there will be four threshold voltage rang-
es representing four distinct memory states which are
assigned the data values "11," "10," "01," and "00." In
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one example of a NAND-type memory, the threshold volt-
age after an erase operation is negative and defined as
"11." Positive threshold voltages are used for the states
of "10," "01," and "00." In some implementations, the data
values (e.g., logical states) are assigned to the threshold
ranges using a Gray code assignment so that if the
threshold voltage of a floating gate erroneously shifts to
its neighboring physical state, only one bit will be affected.
The specific relationship between the data programmed
into the memory cell and the threshold voltage ranges of
the cell depends upon the data encoding scheme adopt-
ed for the memory cells. For example, U:S. Patent No.
6,222,762 and U.S. Patent Application No. 10/461,244
(Publication No. US 2004/0255090), "Tracking Cells For
A Memory System," filed on June 13, 2003, describe var-
ious data encoding schemes for multi-state flash memory
cells.
[0048] Relevant examples of NAND-type flash mem-
ories and their operation are provided in the following
U.S. Patents/Patent Applications: U.S Pat. No.
5,570,315; U.S. Pat. No. 5,774,397; U.S. Pat. No.
6,046,935; U.S. Pat. No. 5,386,422; U.S. Pat. No.
6,456,528; and U.S. Pat- Application Ser. No. 09/893,277
(Publication No. US2003/0002348). Other types of non-
volatile memory in addition to NAND flash memory can
also be used in accordance with embodiments.
[0049] Another type of memory cell useful in flash EEP-
ROM systems utilizes a non-conductive dielectric mate-
rial in place of a conductive floating gate to store charge
in a non-volatile manner. Such a cell is described in an
article by Chan et al., "A True Single-Transistor Oxide-
Nitride-Oxide EEPROM Device," IEEE Electron Device
Letters, Vol. EDL-8, No. 3, March 1987, pp. 93-95, A
triple layer dielectric formed of silicon oxide, silicon nitride
and silicon oxide ("ONO") is sandwiched between a con-
ductive control gate and a surface of a semi-conductive
substrate above the memory cell channel. The cell is pro-
grammed by injecting electrons from the cell channel into
the nitride, where they are trapped and stored in a limited
region. This stored charge then changes the threshold
voltage of a portion of the channel of the cell in a manner
that is detectable; The cell is erased by injecting hot holes
into the nitride. See also Nozaki et al., "A 1-Mb EEPROM
with MONOS Memory Cell for Semiconductor Disk Ap-
plication," IEEE Journal of solid-State Circuits, Vol. 26,
No. 4, April 1991, pp. 497-501, which describes a similar
cell in a split-gate configuration where a doped polysilicon
gate extends over a portion of the memory cell channel
to form a separate select transistor. The programming
techniques mentioned in section 1.2 of "Nonvolatile Sem-
iconductor Memory Technology," edited by William D.
Brown and Joe E. Brewer, IEEE Press, 1998, are also
described in that section to be applicable to dielectric
charge-trapping devices. The memory cells described in
this paragraph can also be used with the present inven-
tion. Thus, the technology described herein also applies
to coupling between dielectric regions of different mem-
ory cells.

[0050] Another approach to storing two bits in each
cell has been described by Eitan et al., "NROM: A Novel
Localized Trapping, 2-Bit Nonvolatile Memory Cell,"
IEEE Electron Device Letters, vol. 21, no. 11, November
2000, pp. 543-545. An ONO dielectric layer extends
across the channel between source and drain diffusions.
The charge for one data bit is localized in the dielectric
layer adjacent to the drain, and the charge for the other
data bit localized in the dielectric layer adjacent to the
source. Multi-state data storage is obtained by separately
reading binary states of the spatially separated charge
storage regions within the dielectric. The memory cells
described in this paragraph can also be used with the
present invention.
[0051] Figure 4 illustrates an example of an array 100
of NAND strings 50, such as those shown in Figures 1-3.
Along each column, a bit line 42 is coupled to the drain
terminal, e.g, 22 of the drain select gate for the NAND
string 50. Along each row of NAND strings, a source line
44 may connects all the source terminals, e.g. 24 of the
source select gates of the NAND strings. An example of
a NAND architecture array and its operation as part of a
memory system is found in United States Patents Nos.:
5,570,315; 5,774,397; and 6,046,935.
[0052] The array 100 of memory cells is divided into a
large number of blocks of memory cells. As is common
for flash EEPROM systems, the block is the unit of erase.
That is, each block contains the minimum number of
memory cells that are erased together. Each block is typ-
ically divided into a number of pages. A page is a unit of
programming or reading, although more than one page
may be programmed or read in a single operation. In one
embodiment, the individual pages may be divided into
segments and the segments may contain the fewest
number of cells that are written at one time as a basic
programming operation. One or more pages of data are
typically stored in one row of memory cells. A page can
store one or more sectors of data, the size of which is
generally defined by a host system. A sector includes
user data and overhead data. Overhead data typically
includes an Error Correction Code (ECC) that has been
calculated from the user data of the sector. A portion of
the controller (described below) calculates the ECC when
data is being programmed into the array, and also checks
it when data is being read from the array. Alternatively,
the ECCs and/or other overhead data are stored in dif-
ferent pages, or even different blocks, than the user data
to which they pertain.
[0053] A sector of user data is typically 512 bytes, cor-
responding to the size of a sector in magnetic disk drives.
Overhead data is typically an additional 16-20 bytes. A
large number of pages form a block, anywhere from 8
pages, for example, up to 32, 64 or more pages. In some
embodiments, a row of NAND strings comprises a block.
[0054] Memory cells are erased in one embodiment
by raising the p-well to an erase voltage (e.g., 20 volts)
for a sufficient period of time and grounding the word
lines of a selected block while the source and bit lines
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are floating. Due to capacitive coupling, the unselected
word lines, bit lines, select lines, and c-source are also
raised to a significant fraction of the erase voltage. A
strong electric field is thus applied to the tunnel oxide
layers of selected memory cells and the data of the se-
lected memory cells are erased as electrons of the float-
ing gates are emitted to the substrate side. As electrons
are transferred from the floating gate to the p-well region,
the threshold voltage of a selected cell is lowered. Eras-
ing can be performed on the entire memory array, sep-
arate blocks, or another unit of cells.
[0055] Figure 5 illustrates a memory device 110 having
read/write circuits for reading and programming a page
of memory cells in parallel, according to one embodi-
ment. Memory device 110 may include one or more mem-
ory die 112. Memory die 112 includes a two-dimensional
array of memory cells 100, control circuitry 120, and read/
write circuits 130. The memory array 100 is addressable
by word lines via a row decoder 140 and by bit lines via
a column decoder 142. The read/write circuits 130 in-
clude multiple sense blocks 200 and allow a page of
memory cells to be read or programmed in parallel. Typ-
ically a controller 144 is included in the same memory
device 110 (e.g., a removable storage card) as the one
or more memory die 112. Commands and Data are trans-
ferred between the host and controller 144 via lines 132
and between the controller and the one or more memory
die 112 via lines 134.
[0056] The control circuitry 120 cooperates with the
read/write circuits 130 to perform memory operations on
the memory array 100. The control circuitry 120 includes
a state machine 122, an on-chip address decoder 124
and a power control module 126. The state machine 122
provides chip-level control of memory operations. The
on-chip address decoder 124 provides an address inter-
face between that used by the host or a memory controller
to the hardware address used by the decoders 140 and
130. The power control module 126 controls the power
and voltages supplied to the word lines and bit lines dur-
ing memory operations.
[0057] Figure 6 illustrates another arrangement of the
memory device 110 shown in Figure 5. Access to the
memory array 100 by the various peripheral circuits is
implemented in a symmetric fashion, on opposite sides
of the array, so that the densities of access lines and
circuitry on each side are reduced by half. Thus, the row
decoder is split into row decoders 140A and 140B and
the column decoder into column decoders 142A and
142B. Similarly, the read/write circuits are split into read/
write circuits 130A connecting to bit lines from the bottom
and read/write circuits 130B connecting to bit lines from
the top of the array 100. In this way, the density of the
read/write modules is essentially reduced by one half The
device of Fig. 6 can also include a controller, as described
above for the device of Fig. 5.
[0058] Figure 7 is a block diagram of an individual
sense block 200 partitioned into a core portion, referred
to as a sense module 210, and a common portion 220.

In one embodiment, there will be a separate sense mod-
ule 210 for each bit line and one common portion 220 for
a set of multiple sense modules 210. In one example, a
sense block will include one common portion 220 and
eight sense modules 210. Each of the sense modules in
a group will communicate with the associated common
portion via a data bus 202. For further details, refer to
U.S. Patent Application 11/026,536 (Publication No. US
2006/0140007), entitled "Non-Volatile Memory & Method
with Shared Processing for an Aggregate of Sense Am-
plifiers," filed, on 12/29/04.
[0059] Sense module 210 comprises sense circuitry
212 that determines whether a conduction current, in a
connected bit line is above or below a predetermined
threshold level. Sense module 210 also includes a bit
line latch 214 that is used to set a voltage condition on
the connected bit line. For example, a predetermined
state latched in bit line latch 214 will result in the con-
nected bit line being pulled to a state designating program
inhibit (e.g., Vdd).
[0060] Common portion 220 comprises a processor
222, a set of data latches 224 and an I/O Interface 226
coupled between the set of data latches 224 and data
bus 132. Processor 222 performs computations. For ex-
ample, one of its functions is to determine the data stored
in the sensed memory cell and store the determined data
in the set of data latches. Processor 222 can also perform
certain functions dependent upon instructions from the
state machine and/or data in latches 224, for example,
setting appropriate conditions in bit line latch 214 based
on the type of operation being performed. The set of data
latches 224 is used to store data bits determined by proc-
essor 222 during a read operation. It is also used to store
data bits imported from the data bus 132 during a pro-
gram operation. The imported data bits represent write
data meant to be programmed into the memory. I/O in-
terface 226 provides an interface between data latches
224 and the data bus 132.
[0061] During read or sensing, the operation of the sys-
tem is under the control of state machine 122 that controls
the supply of different control gate voltages to the ad-
dressed cell. As it steps through the various predefined
control gate voltages corresponding to the various mem-
ory states supported by the memory, the sense module
210 will trip at one of these voltages and an output will
be provided from sense module 210 to processor 222
via bus 202. At that point, processor 222 determines the
resultant memory state by consideration of the tripping
event(s) of the sense module and the information about
the applied control gate voltage from the state machine
via input lines 228. It then computes a binary encoding
for the memory state and stores the resultant data bits
into data latches 224. In another embodiment of the core
portion, bit line latch 214 serves double duty, both as a
latch for latching the output of the sense module 210 and
also as a bit line latch as described above.
[0062] It is anticipated that some implementations will
include multiple processors 222. In one embodiment,
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each processor 222 will include an output line (not de-
picted in Fig. 7) such that each of the output lines is wired-
OR’d together. In some embodiments, the output lines
are inverted prior to being connected to the wired-OR
line. This configuration enables a quick determination
during the program verification process of when the pro-
gramming process has completed because the state ma-
chine receiving the wired-OR can determine when all bits
being programmed have reached the desired level. For
example, when each bit has reached its desired level, a
logic zero for that bit will be sent to the wired-OR line (or
a data one inverted). When all bits output a data 0 (or a
data one inverted), then the state machine knows to ter-
minate the programming process. Because each proc-
essor communicates with eight sense modules, the state
machine needs to read the wired-OR line eight times.
[0063] During program or verify, the data to be pro-
grammed is stored in the set of data latches 224 from
the data bus 132. The program operation, under the con-
trol of the state machine, comprises a series of program-
ming voltage pulses applied to the control gates of the
addressed memory cells. Each programming pulse is fol-
lowed by a read back (verify) to determine if the cell has
been programmed to the desired memory state. Proces-
sor 222 monitors the read back memory state relative to
the desired memory state. When the two are in agree-
ment, the processor 222 sets the bit line latch 214 so as
to cause the bit line to be pulled to a state designating
program inhibit. This inhibits the cell coupled to the bit
line from further programming even if programming puls-
es appear on its control gate. In other embodiments the
processor initially loads the bit line latch 214 and the
sense circuitry sets it to an inhibit value during the verify
process.
[0064] Data latch stack 224 contains a stack of data
latches corresponding to the sense module. In one em-
bodiment, there are three data latches per sense module
210. For example, there can be a lower data latch for
storing data for a lower page read or write, an upper data
latch for storing data for an upper page read or write, and
one additional latch. Additional or fewer data latches can
be used according to specific implementations in accord-
ance with embodiments. In some implementations (but
not required), the data latches are implemented as a shift
register so that the parallel data stored therein is con-
verted to serial data for data bus 132, and vice versa. In
one embodiment, all the data latches corresponding to
the read/write block of n memory cells can be linked to-
gether to form a block shift register so that a block of data
can be input or output by serial transfer. In particular, the
bank of r read/write modules is adapted so that each of
its set of data latches will shift data in to or out of the data
bus in sequence as if they are part of a shift register for
the entire read/write block.
[0065] Figure 8 illustrates an example of sense module
210, however, other implementations can also be used
in accordance with embodiments. Sense module 210
comprises a bit line isolation transistor 284, bit line pull

down circuit 290, bit line voltage clamp 280, readout bus
transfer gate 293 and a sense amplifier 230 which in this
implementation contains bitline latch 214. Note that the
memory cell and page controller 298 in Figure 8 are as-
sociated with but not structurally a part of sense module
210.
[0066] In general, a page of memory cells is operated
on in parallel. Therefore a corresponding number of
sense modules are in operation in parallel. In one em-
bodiment, page controller 298 expediently provides con-
trol and timing signals to the sense modules operated in
parallel.
[0067] Sense module 210 is connectable to the bit line
285 of a memory cell when the bit line isolation transistor
284 is enabled by a signal BLS. Sense module 210 sens-
es the conduction current of the memory cell by means
of sense amplifier 230 and latches the read result as a
digital voltage level SEN2 at a sense node 294 and out-
puts it to a readout bus 292 via gate 293.
[0068] The sense amplifier 230 essentially comprises
a second voltage clamp 232, a precharge circuit 240, a
discriminator or compare circuit 250 and a latch 214. The
discriminator circuit 250 includes a dedicated capacitor
252. In one embodiment, a reference voltage is applied
to the control gate of a memory cell being read. If the
reference voltage is greater than the threshold voltage
of the memory cell, then the memory cell will turn on and
conduct current between its source and drain. If the ref-
erence voltage is not greater than the threshold voltage
of the memory cell, then the memory cell will not turn on
and will not conduct current between its source and drain.
In many implementations, the on/off may be a continuous
transition so that the memory cell will conduct different
currents in response to different control gate voltages. If
the memory cell is on and conducting current, the con-
ducted current will cause the voltage on node SEN 244
to decrease, effectively charging or increasing the volt-
age across capacitor 252 whose other terminal is at Vdd.
If the voltage on node SEN discharges to a predeter-
mined level during a predetermined sensing period, then
sense amplifier 230 reports that the memory cell turned
on in response to the control gate voltage.
[0069] One feature of the sense module 210 is the in-
corporation of a constant voltage supply to the bit line
during sensing. This is preferably implemented by the bit
line voltage clamp 280. The bit line voltage clamp 280
operates like a diode clamp with transistor 282 in series
with the bit line 285. Its gate is biased to a constant volt-
age BLC equal to the desired bit line voltage VBL above
its threshold voltage VT. In this way, it isolates the bit line
from the sense node 294 and sets a constant voltage
level for the bit line, such as the desired VBL = 0.5 to 0.7
volts during program-verifying or reading. In general, the
bit line voltage level is set to a level such that it is suffi-
ciently low to avoid a long precharge time, yet sufficiently
high to avoid ground noise and other factors.
[0070] The sense amplifier 230 senses the conduction
current through the sense node 294 and determines
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whether the conduction current is above or below a pre-
determined value. The sense amplifier outputs the
sensed result in a digital form as the signal SEN2 at the
sense node 294 to the readout bus 292.
[0071] The digital control signal INV, which is essen-
tially an inverted state of the signal SEN2 after read, is
also output to control the pull down circuit 290. When the
sensed conduction current is higher than the predeter-
mined value, INV will be HIGH and SEN2 will be LOW.
This result is reinforced by the pull down circuit 290. Pull
down circuit 290 includes an n-transistor 292 controlled
by the control signal INV and another n-transistor 286
controlled by the control signal GRS. The GRS signal
when LOW allows the bit line 285 to be floated regardless
of the state of the INV signal. During programming, the
GRS signal goes HIGH to allow the bit line 285 to be
pulled to ground and controlled by INV. When the bit line
is required to be floated, the GRS signal goes LOW.
[0072] Figure 9 is a flow chart describing one embod-
iment of a method for programming non-volatile memory.
In one implementation, memory cells are erased (in
blocks or other units) prior to programming. In step 300
of Figure 9, a "data load" command is issued by the con-
troller and input received by control circuitry 120. In step
302, address data designating the page address is input
to decoder 124 from the controller or host. In step 304,
a page of program data for the addressed page is input
to a data buffer for programming. That data is latched in
the appropriate set of data latches 224. In step 306, a
"program" command is issued by the controller to state
machine 122.
[0073] Triggered by the "program" command, the data
latched in step 304 will be programmed into the selected
memory cells controlled by state machine 122 using the
stepped pulses of Figure 10 applied to the appropriate
word line. In step 308, Vpgm, the programming pulse
voltage level applied to the selected word line, is initial-
ized to the starting pulse (e.g., 12V) and a program coun-
ter PC maintained by state machine 122 is initialized at
0. In step 310, the first Vpgm pulse is applied to the se-
lected word line. If logic "0" is stored in a particular data
latch indicating that the corresponding memory cell
should be programmed, then the corresponding bit line
is grounded. On the other hand, if logic "1" is stored in
the particular latch indicating that the corresponding
memory cell should remain in its current data state, then
the corresponding bit line is connected to Vdd to inhibit
programming.
[0074] In step 312, the states of the selected memory
cells are verified. If it is detected that the target threshold
voltage of a selected cell has reached the appropriate
level, then the data stored in the corresponding data latch
is changed to a logic "1." If it is detected that the threshold
voltage has not reached the appropriate level, the data
stored in the corresponding data latch is not changed. In
this manner, a bit line having a logic "1" stored in its cor-
responding data latch does not need to be programmed.
When all of the data latches are storing logic "1," the state

machine (via the wired-OR type mechanism described
above) knows that all selected cells have been pro-
grammed. In step 314, it is checked whether all of the
data latches are storing logic "1." If so, the programming
process is complete and successful because all selected
memory cells were programmed and verified to their tar-
get states. A status of "PASS" is reported in step 316.
[0075] If, in step 314, it is determined that not all of the
data latches are storing logic "1," then the programming
process continues. In step 318, the program counter PC
is checked against a program limit value. One example
of a program limit value is 20, however, other values can
be used in various implementations. If the program coun-
ter PC is not less than 20, then it is determined at step
319 whether the number of bits that have not been suc-
cessfully programmed is equal to or less than a prede-
termined number. If the number of unsuccessfully pro-
grammed bits is equal to or less than the predetermined
number, then the programming process is flagged as
passed and a status of pass is reported at step 321. The
bits that are not successfully programmed can be cor-
rected using error correction during the read process. If
however, the number of unsuccessfully programmed bits
is greater than the predetermined number, the program
process is flagged as failed and a status of fail is reported
at step 320. If the program counter PC is less than 20,
then the Vpgm level is increased by the step size and
the program counter PC is incremented in step 322. After
step 322, the process loops back to step 310 to apply
the next Vpgm pulse.
[0076] At the end of a successful program process, the
threshold voltages of the memory cells should be within
one-or more distributions of threshold voltages for pro-
grammed memory cells or within a distribution of thresh-
old voltages for erased memory cells, as appropriate.
Figure 11 illustrates threshold voltage distributions for
the memory cell array when each memory cell stores two
bits of data Figure 11 shows a first threshold voltage dis-
tribution E for erased memory cells. Three threshold volt-
age distributions, A, B and C for programmed memory
cells, are also depicted. In one embodiment, the thresh-
old voltages in the B distribution are negative and the
threshold voltages in the A, B and C distributions are
positive.
[0077] Each distinct threshold voltage range of Figure
11 corresponds to predetermined values for the set of
data bits. The specific relationship between the data pro-
grammed into the memory cell and the threshold voltage
levels of the cell depends upon the data encoding
scheme adopted for the cells. For example, U.S. Patent
No. 6,222,762 and U.S. Patent Application No.
10/461,244 (Publication No. US 2004/0255090). "Track-
ing Cells For A Memory System," " filed on June 13, 2003,
describe various data encoding schemes for multi-state
flash memory cells. In one embodiment, data values are
assigned to the threshold voltage ranges using a Gray
code assignment so that if the threshold voltage of a float-
ing gate erroneously shifts to its neighboring physical
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state, only one bit will be affected.. One example
assigns "11" to threshold voltage range B (state
E), "10" to threshold voltage range A (state A), "00" to
threshold voltage range B (state B) and "01" to threshold
voltage range C (state C), However, in other embodi-
ment, Gray code is not used. Although Figure 11 shows
four states, the present invention can also be used with
other multi-state structures including those that include
more or less than four states.
[0078] Figure 11 also shows three read reference volt-
ages, Vra, Vrb and Vrc, for reading data from memory
cells. By testing whether the threshold voltage of a given
memory cell is above or below Vra, Vrb and Vrc, the
system can determine what state the memory cell is in.
Figure 11 also shows three verify reference voltages,
Vva, Vvb and Vvc. When programming memory cells to
state A, the system will test whether those memory cells
have a threshold voltage greater than or equal to Vva.
When programming memory cells to state B, the system
will test whether the memory cells have threshold volt-
ages greater than or equal to Vvb. When programming
memory cells to state C, the system will determine wheth-
er memory cells have their threshold voltage greater than
or equal to Vvc.
[0079] In one embodiment as depicted in Figure 11,
known as full sequence programming, memory cells can
be programmed from the erase state E directly to any of
the programmed states A, B or C. For example, a popu-
lation of memory cells to be programmed may first be
erased so that all memory cells in the population are in
erased state E. The process depicted in Figure 9, using
the control gate voltage sequence depicted in Figure 10,
will then be used to program memory cells directly into
states A, B or C. While some memory cells are being
programmed from state E to state A, other memory cells
are being programmed from state E to state B and/or
from state E to state C. In such embodiments, both bits
coded for a particular memory state of a memory cell can
be regarded as part of a single page of data.
[0080] Figure 12 illustrates an example of a two-pass
technique of programming a multi-state memory cell that
stores data for two different pages: a lower page and an
upper page. Four states are depicted: state E (11), state
A (10), state B (00) and state C (01). For state E, both
pages store a "1." For state A, the lower page stores a
"0" and the upper page stores a "1." For state B, both
pages store "0." For state C, the lower page stores "1"
and the upper page stores "0." Note that although specific
bit patterns have been assigned to each of the states,
different bit patterns may also be assigned. In a first pro-
gramming pass, the cell’s threshold voltage level is set
according to the bit to be programmed into the lower log-
ical page. If that bit is a logic "1," the threshold voltage
is not changed since it is in the appropriate state as a
result of having been earlier erased. However, if the bit
to be programmed is a logic "0," the threshold level of
the cell is increased to be state A, as shown by arrow
330. That concludes the first programming pass.

[0081] In a second programming pass, the cell’s
threshold voltage level is set according to the bit being
programmed into the upper logical page. If the upper log-
ical page bit is to store a logic "1," then no programming
occurs since the cell is in one of the states E or A, de-
pending upon the programming of the lower page bit,
both of which carry an upper page bit of "1." If the upper
page bit is to be,a logic "0," then the threshold voltage is
shifted. If the first pass resulted in the cell remaining in
the erased state E, then in the second phase the cell is
programmed so that the threshold voltage is increased
to be within state C, as depicted by arrow 334. If the cell
had been programmed into state A as a result of the first
programming pass, then the memory cell is further pro-
grammed in the second pass so that the threshold voltage
is increased to be within state B, as depicted by arrow
332. The result of the second pass is to program the cell
into the state designated to store a logic "0" for the upper
page without changing the data for the lower page.
[0082] In one embodiment, a system can be set up to
perform full sequence writing if enough data is written to
fill up an entire page. If not enough data is written for a
full page, then the programming process can program
the lower page programming with the data received.
When subsequent data is received, the system will then
program the upper page. In yet another embodiment, the
system can start writing in the mode that programs the
lower page and convert to full sequence programming
mode if enough data is subsequently received to fill up
an entire (or most of a) word line’s memory cells. More
details of such an embodiment are disclosed in U.S. Pat-
ent Application titled "Pipelined Programming of Non-
Volatile Memories Using Early Data," Serial No.
11/013,125 (Publication No. US 2006/0126390), filed on
12/14/04, inventors Sergy Anatolievich Gorobets and
Yan Li.
[0083] Figures 13A-C disclose another process for
programming non-volatile memory that reduces floating
gate to floating gate coupling by, for any particular mem-
ory cell, writing to that particular memory cell with respect
to a particular page subsequent to writing to adjacent
memory cells for previous pages. In one example of an
implementation of the process taught by Figures 13 A-
C, the non-volatile memory cells store two bits of data
per memory cell, using four data states. For example,
assume that state B is the erased state and states A, B
and C are the programmed states, State E stores data
11. State A stores data 01, State B stores data 10. State
C stores data 00. This is an example of non-Gray coding
because both bits change between adjacent states A &
B. Other encodings of data to physical data states can
also be used. Each memory cell stores data for two pag-
es. For reference purposes these pages of data will be
called upper page and lower page, however, they can be
given other labels. With reference to state A for the proc-
ess of Figures 13A-C, the upper page stores bit 0 and
the lower page stores bit 1. With reference to state B, the
upper page stores bit 1 and the lower page stores bit 0.
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With reference to state C, both pages store bit data 0.
The programming process of Figures 13A-C is a two-
step process. In the first step, the lower page is pro-
grammed. If the lower page is to remain data 1, then the
memory cell state remains at state E. If the data is to be
programmed to 0, then the threshold of voltage of the
memory cell is raised such that the memory cell is pro-
grammed to state B’. Figure 13A therefore shows the
programming of memory cells from state E to state B’.
State B’ depicted in Figure 13A is an interim state B;
therefore, the verify point is depicted as Vvb’, which is
lower than Vvb.
[0084] In one embodiment, after a memory cell is pro-
grammed from state E to state B’, its neighbor memory
cell (WLn + 1) in the NAND string will then be pro-
grammed with respect to its lower page. For example,
looking back at Figure 2, after the lower page for memory
cell M0 is programmed, the lower page for memory cell
M1 would be programmed. After programming memory
cell M1, the floating gate to floating gate coupling effect
will raise the apparent threshold voltage of memory cell
M0 if memory cell M1 had a threshold voltage raised from
state E to state B’. This will have the effect of widening
the threshold voltage distribution for state B’ to that de-
picted as threshold voltage distribution 350 of Figure 19B.
This apparent widening of the threshold voltage distribu-
tion will be remedied when programming the upper page.
[0085] Figure 13C depicts the process of programming
the upper page. If the memory cell is in erased state E
and the upper page is to remain at 1, then the memory
cell will remain in state E. If the memory cell is in state E
and its upper page data is to be programmed to 0, then
the threshold voltage of the memory cell will be raised
so that the memory cell is in state A. If the memory cell
was in intermediate threshold voltage distribution 350
and the upper page data is to remain at 1, then the mem-
ory cell will be programmed to final state B. If the memory
cell is in intermediate threshold voltage distribution 350
and the upper page data is to become data 0, then the
threshold voltage of the memory cell will be raised so that
the memory cell is in state C. The process depicted by
Figures 13A-C reduces the effect of floating gate to float-
ing gate coupling because only the upper page program-
ming of neighbor memory cells will have an effect on the
apparent threshold voltage of a given memory cell. An
example of an alternate state coding is to move from
distribution 350 to state C when the upper page data is
a 1, and to move to state B when the upper page data is
a 0.
[0086] Although Figures 13A-C provide an example
with respect to four data states and two pages of data,
the concepts taught by Figures 13A-C can be applied to
other implementations with more or less than four states
and different than two pages.
[0087] Various orders of programming according to
various embodiments for the methods described by Fig-
ures 11, 12, and 13 can be performed based on the type
of programming architecture used. For example, in some

embodiments, the bit lines are divided into even bit lines
(BLe) and odd bit lines (BLo) in what is often referred to
as an odd/even bit line architecture. For a block of mem-
ory cells in an odd/even bit line architecture, memory
cells along a common word line and connected to the
odd bit lines are programmed at one time, while memory
cells along a common word line and connected to even
bit lines are programmed at another time. In other em-
bodiments, the bit lines are not divided into odd and even
bit lines. Such architectures are commonly referred to as
all bit line architectures. In an all bit line architecture, all
the bit lines of a block are simultaneously selected during
read and program operations. Memory cells along a com-
mon word line and connected to any bit line are pro-
grammed at the same time.
[0088] Examples of an architecture using odd/even bit
line programming can be found in U.S. Patent Nos.
6,522,580 and 6,643,189. More information about an ar-
chitecture that uses all bit line programming can be found
in the following U.S. patent documents: United States
Patent Application Publication US 2004/0057283; United
States Patent Application Publication US 2004/0060031;
United States Patent Application Publication US
2004/0057285; United States Patent Application Publi-
cation US 2004/0057287; United States Patent Applica-
tion Publication US 2004/0057318; United States Patent
Application Publication US 2003/0161182; United States
Patent Application Publication US 2004/0047182. Addi-
tionally, United States Patent Application Ser. No.
11\099,133 [ATTY Docket No. SAND-01040US0] (Pub-
lication No. US 2006/0221692), entitled "COMPENSAT-
ING FOR COUPLING DURING READ OPERATIONS
OF NON-VOLATILE MEMORY," filed April 5, 2005, de-
scribes examples of full sequence and two-pass pro-
gramming for both all bit line and odd/even bit line pro-
gramming architectures.
[0089] One potential issue relevant to sensing memory
cells is source line bias. When a large number of memory
cells are sensed in parallel, their combined currents can
result in significant voltage drop in a ground loop with
finite resistance. This results in a source line bias which
causes error in a read operation employing threshold
voltage sensing. For example, if 4,256 bit lines discharge
at the same time, each with a current of 1 PA, then the
source line voltage drop will be equal to 4,000 lines x 1
PA/line x 50 ohms ∼ 0.2 volts. This source line bias will
contribute to a sensing error of 0.2 volts when threshold
voltages of the memory cells are sensed. For a more
complete discussion off the dynamics of source line bias,
refer to United States Patent Application Ser. No.
11\099,133 (Publication No. US 2006/0221692), entitled
"COMPENSATING FOR COUPLING DURING READ
OPERATIONS OF NON-VOLATILE MEMORY," filed
April 5, 2005, and reference above.
[0090] According to one embodiment, reducing source
line bias is accomplished by read/write circuits with fea-
tures and techniques for multi-pass sensing. Each pass
helps to identify and shut down the memory cells with
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conduction currents higher than a given demarcation cur-
rent value. Typically, with each pass, the given demar-
cation current value progressively converges to the
breakpoint current value for a conventional single-pass
sensing. In this way, sensing in subsequent passes will
be less affected by source line bias since the higher cur-
rent cells have been shut down.
[0091] Figure 14 illustrates an exemplary population
distribution of a page of memory cells for a 4-state mem-
ory. Each cluster of memory cells is programmed within
a range of conduction currents ISD clearly separated
from each other. For example, a breakpoint 381 is a de-
marcating current value between two clusters, respec-
tively representing the "A" and "B" memory states. In a
conventional single-pass sensing, a necessary condition
for a "B" memory state will be that it has a conduction
current less than the breakpoint 381. If there were no
source line bias, the population distribution with respect
to the supplied threshold voltage VT would be depicted
by the curve with the solid line. However, because of the
source line bias error, the threshold voltage of each of
the memory cells at its control gate is increased by the
source line bias. This means a higher control gate voltage
need be applied to compensate for the bias. In Figure
14, the source line bias results in a shifting of the distri-
bution (broken line) towards a higher apparent VT. The
shifting will be more when sensing the higher threshold
(lower current) memory states since more total array cur-
rent is flowing due to the higher applied word line voltage.
If the breakpoint 381 is designed for the case without
source line error, then the existence of a source line error
will have some of the tail end of "A" states having con-
duction currents appear in a region of no conduction,
which means it would be higher than the breakpoint 381.
This will result in some of the "A" states (more conducting)
being mistakenly demarcated as "B" states (less con-
ducting).
[0092] For example, the present multi-pass sensing
can be implemented in two passes (j = 1 to 2). After the
first pass, those memory cells with conduction currents
higher than the breakpoint 381 are identified and re-
moved by turning off their conduction current. A preferred
way to turn off their conduction currents is to set their
drain voltages on their bit lines to ground. In a second
pass (j = 2), because of the removal of the high current
states that contributed to the source line bias, the distri-
bution with the broken line approaches that of the one
with the solid line. Thus, sensing using the breakpoint
381 as the demarcation current value will not result in
mistaking the "A" states for the "B" states.
[0093] As compared to a conventional one-pass ap-
proach, the present two-pass method substantially re-
duces the likelihood of misidentifying some of the "A"
cells as "B" or higher cells. More than two passes are
also contemplated, although there will be diminishing re-
turns with increasing number of passes. Further, each
pass may have the same demarcation current, or with
each successive pass, the demarcation current used

converges to that of a breakpoint normally used in a con-
ventional single-pass sensing. Additionally, breakpoints
can be used between states E and A, as well as between
states B and C.
[0094] In general, there will be a page of memory cells
being operated on by a corresponding number of multi-
pass sense blocks 200. A page controller 298 (see Figure
8) supplies control and timing signals to each of the sense
modules. In one embodiment, the page controller 298 is
implemented as part of the state machine 122 in the con-
trol circuitry 120. In another embodiment, page controller
298 is part of the read/write circuits 130. Page controller
298 cycles each of the multi-pass sense blocks 200
through a predetermined number of passes (j = 1 to N)
and also supplies a predetermined demarcation current
value I0(j) for each pass. The demarcation current value
can also be implemented as a time period for sensing.
After the last pass, the page controller 298 enables trans-
fer gate 293 with a signal NCO to read the state of the
SEN2 node 294 as sensed data to a readout bus 292. In
all, a page of sense data will be read out from all of the
sense modules.
[0095] As an example, additional operation and timing
of the sense module 210 including the sense amplifier of
Figure 8 during read/verify operations will be discussed
with respect to the timing diagrams Figure 15(A)-15(K),
which are demarcated into PHASES (1)-(9).

PHASE (0): Setup

[0096] The sense module 210 is connected to the bit
line 285 via an enabling signal BLS (Figure 15(A)). The
Voltage clamp is enabled with BLC (Figure 15(B)). The
Precharge circuit 240 is enabled as a limited-current
source with a control signal FLT (Figure 15(C)).

PHASE (1): Controlled Precharge

[0097] Sense amplifier 230 is initialized by a reset sig-
nal RST (Figure 15(D)) which will pull the signal INV to
ground via the transistor 258. Thus, on reset, INV is set
to LOW. At the same time, a p-transistor 363 pulls a com-
plementary signal LAT to Vdd or HIGH (Figure 15(H)).
[0098] Isolation gate 236 is formed by an n-transistor
238, which is controlled by the signal LAT. Thus, after
reset, the isolation gate is enabled to connect sense node
294 to the sense amplifier’s internal sense node 244, and
the signal SEN2 will be the same as the signal SEN at
the internal sense node 244.
[0099] The precharge circuit 240 precharges the bit
line 285 through the internal sense node 244 and the
sense node SEN2 294 for a predetermined period of time.
This will bring the bit line to an optimal voltage for sensing
the conduction therein.
[0100] The precharge circuit 240 includes a pull-up p-
transistor 242 controlled by the control signal FLT
("FLOAT"). The bit line will be pulled up towards the de-
sired bit line voltage as set by the bit line voltage clamp
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280. The rate of pull-up will depend on the conduction
current in the bit line. The smaller the conduction current,
the faster the pull-up.
[0101] It has been described earlier that sensing errors
due to the source line bias are minimized if those memory
cells with conduction currents higher than a predeter-
mined value are turned off and their contributions to the
source line bias eliminated. Precharge circuit 240 is im-
plemented to serve two functions. One is to precharge
the bit line to an optimal sensing voltage. The other is to
help identify those memory cells with conduction currents
higher than a predetermined value for D.C. (Direct Cur-
rent) sensing so that they may be eliminated from con-
tributing to source line bias.
[0102] The D.C. sensing is accomplished by providing
a precharge circuit that behaves like a current source for
supplying a predetermined current to the bit line. The
signal FLT that controls the p-transistor 242 is such that
it "programs" a predetermined current to flow through the
precharge circuit 240. As an example, the FLT signal
may be generated from a current mirror with a reference
current set to 500nA. When the p-transistor 242 forms
the mirrored leg of the current mirror, it will also have the
same 500nA throwing in it.
[0103] Figures 15(I1)-15(I4) illustrate the voltages on
four example bit lines connected respectively to memory
cells with conduction currents of 700nA, 400nA, 220nA
and 40nA. When the precharge circuit 240 is a current
source with a limit of 500nA, for example, a memory cell
having a conduction current exceeding 500nA will have
the charges on the bit line drained faster than it can ac-
cumulate. Consequently, for the bit line with conduction
current 700nA, its voltage or the signal SEN at the internal
sense node 244 will remain close to 0V (such as 0.1 volt;
see Figure 15(I1)). On the other hand, if the memory cell’s
conduction current is below 500nA, the precharge circuit
240 will begin to charge up the bit line and its voltage will
begin to rise towards the clamped bit line voltage (e.g.,
0.5V set by the voltage clamp 280) (Figs. 15(I2)-15(I4)).
Correspondingly, the internal sense node 244 will either
remain close to 0V or be pulled up to Vdd (Figure 15(G)).
Generally, the smaller the conduction current, the faster
the bit line voltage will charge up to the clamped bit line
voltage. Thus, by examining the voltage on a bit line after
the controlled precharge phase, it is possible to identify
if the connected memory cell has a conduction current
higher or lower than a predetermined level.

PHASE (2): D.C. Latching & Removing the High Current 
Cells from Subsequent Strobes

[0104] After the controlled precharge phase, an initial
D.C. high-current sensing phase begins where the signal
SEN is sensed by the discriminator circuit 250. The sens-
ing identifies those memory cells with conduction cur-
rents higher than the predetermined level. The discrimi-
nator circuit 250 includes two p-transistors 254 and 256
in series, which serve as a pull up for a node 257 regis-

tering the signal INV. The p-transistor 254 is enabled by
a read strobe signal STB going LOW and the p-transistor
256 is enabled by the SEN signal at the internal sense
node 244 going LOW. High current memory cells will
have the signal SEN close to 0V or at least unable for its
bit lines to be precharged sufficiently high to turn off the
p-transistor 256. For example, if the weak pull up is limited
to a current of 500nA, it will fail to pull up a cell with con-
duction current of 700nA (Figure 15(G1)). When STB
strobes LOW to latch, INV at the node 257 is pulled up
to Vdd. This will set the latch circuit 214 with INV HIGH
and LAT LOW (Figure 15(H1)).
[0105] When INV is HIGH and LAT LOW, the isolation
gate 236 is disabled and the sense node 294 is blocked
from the internal sense node 244. At the same time, the
bit line is pulled to ground by the pull down circuit 290
(Figure 15(I1)). This will effectively turn off any conduc-
tion current in the bit line, eliminating it from contributing
to source line bias.
[0106] Thus, in one preferred implementation of the
sense module 210, a limited-current source precharge
circuit is employed. This provides an additional or alter-
native way (D.C. sensing) to identify bit lines carrying
high currents and to turn them off to minimize source line
bias error in subsequent sensing.
[0107] In another embodiment, the precharge circuit
is not specifically configured to help identify high current
bit lines but is optimized to pull up and precharge the bit
line as fast as possible within the allowance of the max-
imum current available to the memory system.

PHASE (3): Recovery/Precharge

[0108] Prior to a sensing of the conduction current in
a bit line that has not been previously pulled down, the
precharge circuit is activated by the signal FLT going
LOW to precharge the internal sense node 244 to Vdd
(Figure 15(C) and Figs. 15(I2)-15(I4)) and the bit line
which may have been partially discharged due to a de-
crease in the voltage on adjacent bit lines.

PHASE (4): First A.C. Sensing

[0109] In one embodiment, an A.C. (Alternating Cur-
rent or transient) sensing is performed by determining
the voltage drop at the floated internal sense node 244.
This is accomplished by the discriminator or compare
circuit 250 employing the capacitor CSA 252 coupled to
the internal sense node 244, and considering the rate
the conduction current is charging it (reducing the voltage
on node SEN). In an integrated circuit environment, the
capacitor 252 is typically implemented with a transistor;
however, other implementations are suitable. Capacitor
252 has a predetermined capacitance, e.g., 30 fF, which
can be selected for optimal current determination. The
demarcation current value, typically in the range of
100-1000 nA, can be set by appropriate adjustment of
the charging period.
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[0110] The discriminator circuit 250 senses the signal
SEN in the internal sense node 244. Prior to each sens-
ing, the signal SEN at the internal sense node 244 is
pulled up to Vdd by the precharge circuit 240. This will
initially set the voltage across the capacitor 252 to be
zero.
[0111] When the sense amplifiers 230 is ready to
sense, the precharge circuit 240 is disabled by FLT going
HIGH (Figure 15(C)). The first sensing period T1 is ended
by the assertion of the strobe signal STB. During the
sensing period, a conduction current induced by a con-
ducting memory cell will charge the capacitor. The volt-
age at SEN will decrease from Vdd as the capacitor 252
is charged through the draining action of the conduction
current in the bit line. Figure 15(G) (see curves G2-G4)
illustrates the SEN signal corresponding to the remaining
three example bit lines connected respectively to mem-
ory cells with conduction currents of 400nA, 220nA and
40nA, the decrease being more rapid for those with a
higher conduction current.

PHASE (5): First A.C. Latching and Removal of Higher 
Current Cells from Subsequent Sensing

[0112] At the end of the first predetermined sensing
period, SEN will have decreased to some voltage de-
pending on the conduction current in the bit line (see
curves G2-G4 of Figure 15G). As an example, the de-
marcation current in this first phase is set to be at 300nA.
The capacitor CSA 252, the sensing period T1 and the
threshold voltage of the p-transistor 256 are such that
the signal SEN corresponding to a conduction current
higher than the demarcation current (e.g., 300nA) will
drop sufficiently low to turn on the transistor 256 in the
discriminator circuit 250. When latching signal STB
strobes LOW, the output signal INV will be pulled HIGH,
and will be latched by the latch 214 (Figure 15(E) and
Figure 15(H) (curve H2)). On the other hand, the signal
SEN corresponding to a conduction current below the
demarcation current will produce a signal SEN unable to
turn on the transistor 256. In this case, the latch 660 will
remain unchanged, in which case LAT remains HIGH
(Figs. 15(H3) and 15(H4)). Thus, it can be seen that the
discriminator circuit 250 effectively determines the mag-
nitude of the conduction current in the bit line relative to
a reference current set by the sensing period.
[0113] Sense amplifier 230 also includes the second
voltage clamp 232 whose purpose is to maintain the volt-
age of the drain of the transistor 234 sufficiently high in
order for the bit line voltage clamp 280 to function prop-
erly. As described earlier, the bit line voltage clamp 280
clamps the bit line voltage to a predetermined value VBL,
e.g., 0.5V. This will require the gate voltage BLC of the
transistor 234 to be set at VBL + VT (where VT is the
threshold voltage of the transistor 234) and the drain con-
nected to the sense node 294 to be greater than the
source, i.e., the signal SEN2 > VBL. In particular, given
the configurations of the voltage clamps 280 and 232,

SEN2 should be no higher than the smaller of LAT - VT
or BLX - VT, and SEN should be no lower. During sensing,
the isolation gate 236 is in a pass-through mode. How-
ever, during sensing the signal SEN at the internal sense
node 244 has a voltage that decreases from Vdd. The
second voltage clamp 232 prevents SEN from dropping
below LAT - VT or BLX - VT, whichever is lower. This is
accomplished by an n-transistor 234 controlled by a sig-
nal BLX, where BLX is ≥ VBL + VT (Figure 15(F)). Thus,
through the actions of the voltage clamps 280 and 232,
the bit line voltage VBL is kept constant, e.g., ∼ 0.5V,
during sensing.
[0114] Measuring current using a dedicated capacitor
252 instead of traditional use of the bit line capacitance
is advantageous in several respects. First, it allows a
constant voltage source on the bit line thereby avoiding
bit-line to bit-line crosstalk. Secondly, the dedicated ca-
pacitor 252 allows a capacitance to be selected that is
optimal for sensing. For example, it may have a capaci-
tance of about 30 fF as compared to a bit line capacitance
of about 2pF. A smaller capacitance can increase the
sensing speed since it charges faster. Finally, sensing
relative to a dedicated capacitance as compared to the
prior art method of using the capacitance of the bit line
allows the sensing circuits to be independent of the mem-
ory architecture or size.
[0115] In another embodiment, the current determina-
tion is accomplished by comparison with a reference cur-
rent, which may be provided by the conduction current
of a reference memory cell This could be implemented
with the compare current as part of a current mirror.
[0116] The output of the current determination is
latched by the latch circuit 214. The latch circuit is formed
as a Set/Reset latch by the transistors 261, 262, 263 and
264 together with the transistors 260 and 268. The p-
transistor 260 is controlled by the signal RST (RESET)
and the n-transistor 268 is controlled by the signal STB.
A variation of the above-described sense amplifier that
is adapted for low voltage operation is found in U.S. Pat-
ent Application No. 11/015,199 (Publication No. US
2005/0169082) titled "Improved Memory Sensing Circuit
And Method For Low Voltage Operation," Inventor Raul-
Adrian Cernea, filed on 12/16/04.
[0117] In general, there will be a page of memory cells
being operated on by a corresponding number of multi-
pass sense modules 210. For those memory cells having
conduction current higher than the first demarcation cur-
rent level, their LAT signal will be latched LOW (INV
latched HIGH). This in turn activates the bit line pull down
circuit 290 to pull the corresponding bit lines to ground,
thereby turning off their currents.

PHASE (6): Recovery/Precharge

[0118] Prior to the next sensing of the conduction cur-
rent in a bit line such as bit line 285 that has not been
previously pulled down, the precharge circuit is activated
by the signal FLT to precharge the internal sense node
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244 to Vdd (Figure 15(C)(6) and Figs. 15(I3)(6)-15(I4)(6)).

PHASE (7): Second Sensing

[0119] When the sense amplifier 230 is ready to sense,
the precharge circuit 240 is disabled by FLT going HIGH
(Figure 15(C)). The second sensing period T2 is set by
the assertion of the strobe signal STB. During the sensing
period, a conduction current, if any, will charge the ca-
pacitor. SEN will decrease from Vdd as the capacitor 252
is charging through the draining action of the conduction
current in the bit line 285.
[0120] In accordance with the example before, the
memory cells with conduction currents higher than 300nA
have already been identified and shut down in the earlier
phases. Figure 15(G) (curves G3 and G4) illustrate re-
spectively the SEN signal corresponding to the two ex-
ample bit lines connected respectively to memory cells
with conduction currents of 220nA and 40nA.

PHASE (8): Second Latching for Reading Out

[0121] At the end of the second predetermined sensing
period T2, SEN will have decreased to some voltage de-
pending on the conduction current in the bit line 285 (Fig-
ure 15(G) (curves G3 and G4)). As an example, the de-
marcation current in this second phase is set to be at
100nA. In this case, the memory cell with the conduction
current 220nA will have its INV latched HIGH (Figure 15
(H)) and its bit line subsequently pulled to ground (Figure
15(I3)). On the other hand, the memory cell with the con-
duction current 40nA will have no effect on the state of
the latch, which was preset with LAT HIGH.

PHRASE (9): Read Out to the Bus

[0122] Finally, in the read out phase, the control signal
NCO at the transfer gate 293 allows the latched signal
SEN2 to be read out to the readout bus 292 (Figs. 15(J)
and 15(K)).
[0123] As can be seen from Figures 15(I1)-15(I4), the
bit line voltage remains constant during each sensing
period. Thus, from the discussion earlier, capacitive bit-
line to bit-line coupling is eliminated.
[0124] The sense module 210 described above is one
embodiment where sensing is performed with three pass-
es, the first two passes being implemented to identify and
shut down higher current memory cells. With the higher
current contributions to the source line bias eliminated,
the final pass is able to sense the cells with lower range
conduction currents more accurately.
[0125] In other embodiments, sensing operations are
implemented with different combination of D.C. and A.C.
passes, some using only two or more A.C. passes, or
only one pass. For the different passes, the demarcation
current value used may be the same each time or con-
verge progressively towards the demarcation current
used in the final pass.

[0126] Generally, architectures that program all bit
lines together will read data from all bit lines together.
Similarly, architectures that program odd and even bit
lines separately will generally read odd and even bit lines
separately. However, such limitations are not required.
The technology described herein for reading data can be
used with all bit line programming or odd/even bit line
programming.
[0127] Figure 16 is a flow chart describing one embod-
iment for reading data from non-volatile memory cells.
The discussion above with respect to the sense modules
discusses how data is read from particular bit lines. Fig-
ure 16 provides the read process at the system level. At
step 402, a read operation is performed for a particular
page in response to a request to read data (step 400).
In one embodiment, when data for a page is pro-
grammed, the system will also create Error Correction
Codes (ECCs) and write those ECCs with the page of
data. ECC technologies are well known in the art. The
ECC process used can include any suitable ECC process
known in the art. When reading data from a page, the
ECCs will be used to determine whether there are any
errors in the data (step 404). If there are no errors in the
data, the data is reported to the user at step 406. For
example, data will be communicated to a controller or
host via data I/O lines 132. If an error is found at step
404, it is determined whether the error is correctable (step
408). The error may be due to the floating gate to floating
gate coupling effect or possibly to other physical mech-
anisms. Various ECC methods have the ability to correct
a predetermined number of errors in a set of data. If the
ECC process can correct the data, then the ECC process
is used to correct that data in step 410 and the data, as
corrected, is reported to the user in step 412. If the data
is not correctable by the ECC process, a data recovery
process is performed in step 414. In some embodiments,
an ECC process will be performed after step 414. More
details about the data recovery process are described
below. After the data is recovered, that data is reported
at step 416. Note that the process of Figure 16 can be
used with data programmed using all bit line program-
ming or odd/even bit line programming.
[0128] Figure 17 is a flow chart describing one embod-
iment of a process for performing a read operation for a
page (see step 402 of Figure 16). The process of Figure
17 can be performed for a page that encompasses all bit
lines of a block, only odd bit lines of a block, only even
bit lines of a block, or other subsets of bit lines of a block.
In step 420, read reference voltage Vra is applied to the
appropriate word line associated with the page. In step
422, the bit lines associated with the page are sensed to
determine whether the addressed memory cells conduct
or do not conduct based on the application of Vra to their
control gates. Bit lines that conduct indicate that the mem-
ory cells were turned on; therefore, the threshold voltages
of those memory cells are below Vra (e.g., in state E). In
step 424 the result of the sensing for the bit lines is stored
in the appropriate latches for those bit lines. In step 426,
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read reference voltage Vrb is applied to the word lines
associated with the page being read. In step 428, the bit
lines are sensed as described above. In step 430, the
results are stored in the appropriate latches for the bit
lines. In step 432, read reference voltage Vrc is applied
to the word lines associated with the page. In step 434,
the bit lines are sensed to determine which memory cells
conduct, as described above. In step 436, the results
from the sensing step are stored in the appropriate latch-
es for the bit lines. In step 838, the data values for each
bit line are determined. For example, if a memory cell
conducts at Vra, then the memory cell is in state E. If a
memory cell conducts at Vrb and Vrc but not at Vra, then
the memory cell is in state A. If the memory cell conducts
at Vrc but not at Vra and Vrb, then the memory cell is in
state B. If the memory cell does not conduct at Vra, Vrb
or Vrc, then the memory cell is in state C. In one embod-
iment, the data values are determined by processor 222.
In step 440, processor 222 will store the determined data
values in the appropriate latches for each bit line. In other
embodiments, sensing the various levels (Vra, Vrb, and
Vrc) may occur in different orders.
[0129] Different number of reference read voltages
may need to be applied in various embodiments based
on the coding and/or architecture employed. For exam-
ple, when an upper page/lower page architecture is em-
ployed and a coding scheme as illustrated in Figure 12
used, an upper page read may be accomplished simply
by using the Vrb read reference voltage level to determine
whether a memory cell is in one of states E and A (upper
page bit = 1) or in one of states B and C (upper page bit
= 0). A lower page read may be accomplished by using
the Vra and Vrc read reference voltage levels to deter-
mine whether a memory cell is in one of states E and C
(lower page bit = 1) or one of states A and B (lower page
bit = 0). In an example using an upper page lower page
architecture and a coding scheme as depicted in Figures
13A-13C, a lower page read may be accomplished by
using the Vrb read reference voltage level to determine
whether a memory cell is in one of states E and A (lower
page bit = 1) or in one of states B and C (lower page bit
= 0). An upper page read for such an embodiment may
be accomplished using the Vra and Vrc read reference
voltages.
[0130] Floating gate to floating gate coupling can
cause unrecoverable errors during read operations (step
404) which may necessitate the performance of the error
recovery step at step 414. The apparent charge stored
on the floating gate of a memory cell can undergo an
apparent shift because of coupling from an electric field
resulting from charge stored on a neighboring memory
cell’s floating gate. This phenomenon is often referred to
as floating gate to floating gate coupling or more simply,
just floating gate coupling. While in theory the electric
field from a charge on the floating gate of any memory
cell in a memory array can couple to the floating gate of
any other memory cell in the array, the effect is most
pronounced and noticeable with adjacent memory cells.

Adjacent memory cells may include neighboring memory
cells that are on the same bit line, neighboring memory
cells on the same word line, or neighboring memory cells
that are on both a neighboring bit line and neighboring
word line, and thus, across from each other in a diagonal
direction. The apparent shift in charge can result in errors
when reading the programmed memory state of a mem-
ory cell.
[0131] The effects of floating gate coupling are most
pronounced in situations where a memory cell adjacent
a target memory cell is programmed subsequent to the
target memory cell (e.g., in an odd/even bit line architec-
ture), however its effects can be seen in other situations
as well. The charge placed on the floating gage of the
adjacent memory cell, or a portion of the charge, will cou-
ple to the target memory cell resulting in an apparent shift
of the threshold voltage of the target memory cell. This
change in the apparent threshold voltage of the memory
cell can result in a read error when subsequently reading
the target memory cell. For example, a memory cell can
have its apparent threshold voltage shifted to such a de-
gree after being programmed that it will not turn on or not
turn on to a sufficient degree under the applied reference
read voltage for the memory state to which it was pro-
grammed.
[0132] Figures 18A-18B illustrate the effects of floating
gate coupling on a programmed population of memory
cells. In Figure 18A, the actual threshold voltage distri-
bution 450 of a group of memory cells programmed to
state A is depicted. If the cells neighboring the pro-
grammed population depicted in Figure 18A are in erased
state E (Figure 18B), the apparent threshold distribution
of the programmed population of memory cells is the
same as the actual threshold voltage distribution. The
neighboring floating gates are not carrying a positive
charge and thus, do not cause a shift in the apparent
threshold voltage for the memory cells of distribution 450.
If the neighboring memory cells are in programmed state
A, however, an electric field will result from the positive
charge on their floating gates. A portion of this field will
couple to the memory cells of distribution 450 and cause
the apparent threshold voltages of those cells to in-
crease. Because of the apparent increase in the memory
cells’ threshold voltages, distribution 450 is shifted to the
right, resulting in apparent threshold voltage distribution
452. As the neighboring memory cells are programmed
to higher state levels, more charge is stored on their float-
ing gates which causes the apparent threshold voltage
of the population under study to increase further. Distri-
bution 454 represents the apparent threshold voltage dis-
tribution of the programmed population if the neighboring
memory cells are programmed to state B and distribution
456 represents the apparent threshold voltage distribu-
tion if the neighboring memory cells are programmed to
state C.
[0133] Figure 19A depicts the effect of floating gate
coupling from neighboring memory cells on the conduc-
tion current sensed for a selected memory cell during a
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read operation. As described with respect to Figure 17,
read operations can include the application of a reference
read voltage to the control gate of a selected memory
cell and then sensing the resulting conduction current to
determine whether the threshold voltage of the selected
memory cell is above or below the level of the applied
reference read voltage. Curve 460 depicts the normal
conduction current of an exemplary memory cell pro-
grammed to state A as a function of the applied control
gate voltage. State A is chosen for exemplary purposes
only. One of ordinary skill in the art will appreciate that
cells programmed to other states will have different val-
ues, but similar I-V curves, and that the following disclo-
sure can be extended to such other states.
[0134] A conduction current trip point for a selected
state can be established that corresponds to a minimum
conduction current that should result from an applied ref-
erence read voltage for that state. For example, a trip
point current (also referred to as a breakpoint current or
level) and reference read voltage combination can be
established for a cell programmed to state A such that if
the cell is programmed to state A and the reference read
voltage is applied, a conduction current greater than or
equal to the trip point current should result. As shown in
Figure 19A, if a read voltage (e.g, Vrb) equal to or greater
than initial Vth is applied to the memory cell represented
by curve 460, it will turn on and have a conduction current
greater than or equal to the established trip point current.
In one embodiment for a memory array, initial Vth for a
particular memory state can be equal to the maximum
threshold voltage (e.g., VmaxA as shown in Figure 11)
expected of any memory cell in that state. By applying a
Vrb read voltage equal to initial Vth (or equal to initial Vth
plus some margin as illustrated in Figure 11) and sensing
the conduction current, it can be determined if the select-
ed memory cell is in one of states E and A or in one of
states B and C. If the resulting conduction current that is
sensed for the memory cell is above the trip point (cell
turned on), it is determined that the memory cell is in
either in state E or A. If the resulting current is below the
trip point (cell turned off), it is determined that the memory
cell is either in state B or C.
[0135] Curve 462 depicts the conduction current of the
same memory cell represented by curve 460 if one or
more neighboring memory cells are programmed. The
positive charge on the neighboring floating gate(s) caus-
es an apparent positive increase in the threshold voltage
of the selected cell (and a corresponding reduction in
conduction current), and thus, the curve is shifted to the
right. If a control gate voltage equal to initial Vth is applied
to the selected memory cell now, a conduction current
less than the trip point current will result. This can cause
a read error. A cell programmed to state A may not suf-
ficiently conduct under the applied Vrb read voltage and
thus, be falsely read as in a state above state A. For the
conduction current to be at or above the trip point, a con-
trol gate voltage equal to or greater than the final Vth
must be applied to the memory cell.

[0136] One technique for compensating for the appar-
ent increase in threshold voltage in order to avoid read
errors is to apply a larger control gate voltage during read
operations based on the state of one or more neighboring
memory cells. United States Patent Application Ser. No.
11\099,133, entitled "COMPENSATING FOR COU-
PLING DURING READ OPERATIONS OF NON-VOLA-
TILE MEMORY," filed April 5, 2005 describes various
such processes. For example, if one or more memory
cells neighboring a selected memory cell are pro-
grammed, a larger reference read voltage can be applied.
For example, the value of a Vrb read voltage can be in-
creased by the difference in the final Vth and initial Vth
values to ensure that the memory cells’ conduction cur-
rent is at or above the trip point.
[0137] In accordance with embodiments of the present
disclosure, however, a compensation current is utilized
during read operations to avoid read errors caused by
floating gate coupling. Figure 19B graphically illustrates
a method in accordance with one embodiment for apply-
ing a compensation current to a selected memory cell’s
bit line in order to accurately determine the state of the
memory cell during read operations when one or more
of its neighboring memory cells are in a programmed
state and carrying a positive charge at their floating gate.
Curve 462 is depicted again in Figure 19B, representing
a memory cell programmed to state A and having one or
more neighboring memory cells that were subsequently
programmed. The resulting conduction current if a control
gate voltage equal to initial Vth is applied to the selected
memory cell is shown. For example, if a read voltage Vb
equal to initial Vth is applied to the memory cell during
an upper page read, the selected memory cell’s conduc-
tion current will be at some level below the trip point.
Rather than increasing the applied control gate voltage
during a read operation, a compensation current sub-
stantially equal to the difference between the two current
levels can be applied. If a compensation current of this
magnitude can be added to the bit line of the selected
memory cell during a read operation, the sensed con-
duction current under the originally established Vrb read
level will be equal to the actual conduction current of the
memory cell plus the compensation current. For exam-
ple, when using a sensing technique that employs a ded-
icated capacitor to determine the rate at which the con-
duction current charges the capacitor, both the compen-
sation current and the cell conduction current will con-
tribute to charging that capacitor (and consequently, the
decrease in voltage at the sense node). Thus, the sensed
current (actual conduction current plus the compensation
current) will be at or above the trip point current. Accord-
ingly, an accurate read operation can be performed even
when one or more neighboring memory cells are pro-
grammed.
[0138] Various means for inducing currents in neigh-
boring bit lines to provide compensation current(s) for a
selected NAND string can be used in accordance with
various embodiments. Figure 20 graphically depicts the

29 30 



EP 1 894 205 B1

17

5

10

15

20

25

30

35

40

45

50

55

use of compensation currents while reading memory
cells of a selected bit line in accordance with one em-
bodiment. Figure 20 is a simplified depiction of a memory
device including three sense amplifiers SA1, SA2, and
SA3. Sense amplifier SA1 is coupled to NAND string 501
through bit line 502. Sense amplifier SA2 is coupled to
NAND string 502 through bit line 504. Sense amplifier
SA3 is coupled to NAND string 503 through bit line 506.
The depiction of each NAND string is simplified and only
illustrates the drain select gates 508, 510, and 512 for
one NAND string on each bit line and exemplary memory
cells connected to word lines WLi, WLi-1 and WLi+1.
[0139] In accordance with one embodiment, a com-
pensation current for use while reading a memory cell of
a selected NAND string can be generated by exploiting
the capacitive coupling between neighboring bit lines to
induce a current flow in the selected bit line. Because of
the closely spaced arrangement of neighboring bit lines,
a relatively strong capacitance exists between them. In
Figure 20, this effect is depicted by capacitor 503, rep-
resenting the capacitance between bit line 504 and bit
line 502, and capacitor 505, representing the capacitance
between bit line 506 and bit line 504. Owing to this bit
line capacitance, a relatively strong coupling between
neighboring bit lines exists. By creating a change in the
voltage potential between two neighboring bit lines, a
transient current flow can be made to flow such as current
flow 532 and 534. The current(s) in the bit line of the
selected NAND string can be used as a compensation
current(s) during read operations.
[0140] This change in potential between neighboring
bit lines can be created by providing an initialization volt-
age to the bit line of a neighboring memory cell deter-
mined to be in a programmed state. The bit line of the
selected NAND string being read will be maintained (or
attempted to be maintained) at the controlled precharge
level during the sensing operation as previously de-
scribed with respect to Figure 15. If the initialization volt-
age provided to the neighboring bit line(s) is less than
that of the controlled level, a transient current will flow
from the selected bit line to the neighboring bit line. In
the embodiment of Figure 20, the initialization voltage is
ground as depicted in sense amplifiers SA1 and SA3. In
other embodiments, other initialization voltages can be
used to result in varying amounts of compensation cur-
rent. Bit lines 502 and 506 can be grounded by raising
the INV signal which will activate the pull down circuit
290 of each sense amplifier SA1 and SA3.
[0141] Consider a read operation for memory cell 522
of NAND string 502 which is connected to word line WLi.
If either of the memory cells of NAND strings 501 and 503
that are connected to word line WLi are in one of a se-
lected set of programmed states and thus, carrying a
positive threshold at their floating gates, a compensation
current can be provided when reading cell 522 to improve
the accuracy of the read operation. Individual compen-
sation currents can be induced between the selected bit
line and each of the neighboring bit lines as diagrammat-

ically illustrated by currents 532 and 534. If memory cell
520 of NAND string 501 is programmed, compensation
current 532 can be generated to compensate for the re-
duced amount of conduction current 507 that will flow
through NAND string 502 as a result of an apparent in-
crease in the threshold voltage of memory cell 522 re-
sulting from floating gate coupling of the charge at mem-
ory cell 520. Likewise, if memory cell 524 is programmed,
compensation current 534 can be generated to compen-
sate for the reduced amount of conduction current 507
that will flow through NAND string 502 as a result of an
apparent increase in the threshold voltage of memory
cell 522 resulting from floating gate coupling of the charge
at memory cell 524. Sense amplifier SA2 will see an ap-
parent conduction current of memory cell 522 equal to
the actual conduction current 507 plus the compensation
currents 532 and 534. Compensation currents 532 and
534 will act to increase the rate at which dedicated ca-
pacitor 252 of SA2 is charged and the rate at which SEN
node 244 discharges.
[0142] In further embodiments, the state of other mem-
ory cells on neighboring NAND strings can also be used
to determine whether to utilize compensation currents.
For example, the programmed state of diagonally spaced
memory cells such as memory cells 514, 518, 526, and
530 can be used to determine whether to provide a com-
pensation current from bit lines 502 or 506 when reading
memory cell 522.
[0143] Figure 21 is a graph illustrating an exemplary
conduction current supplied by a sense amplifier during
a read operation. Curve 550 represents the current be-
havior of the memory cell as the NAND string is biased
for the read operation. Curve 550 ignores the affects of
charges or electric fields of neighboring NAND strings.
At time t0, the NAND string including the memory cull is
initially biased for the read operation. For example, time
t0 may represent the beginning of the controlled pre-
charge phase (phase 1) or recovery phases (phases 3
and 6) as described with respect to the read operation
described in Figures 15A - 15K. After applying the initial
bias conditions, the current rises and then lowers to its
steady state DC level which represents the conduction
current of the memory cell under the applied conditions.
The increased current above the steady state level is
often referred to as a displacement current.
[0144] The rise in sensed current above the steady
state DC level can be attributed to parasitic capacitance
of the selected bit line. The NAND string architecture im-
plemented in closely spaced arrangements can result in
a large parasitic capacitance between the bit lines of the
device and the ground potential Because of this parasitic
capacitance, applying the read voltage conditions to the
NAND string, and particularly precharging the bit line to
a predetermined level, will result in a displacement cur-
rent.
[0145] To accurately sense the conduction current of
a memory cell, the sensing period is normally delayed
until the displacement currents have dissipated and the
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current through the string has settled to its steady state
leveL For example, time t3 may be the start of the sensing
phase of the read operation. This can correspond to the
beginning of phases 4 and 7 in Figures 15A - 15K during
which current sensing is performed. Time t3 can corre-
spond to the time at which the signal FLT goes high and
disables the precharge circuit 240. Time t4, can represent
the end of the sensing period and the beginning of a
latching phase. For example, it may represent the start
of phases 5 and 8, at which time the STB signal is strobed
low to latch the output signal INV.
[0146] Curve 552 also represents the current behavior
of the memory cell as the NAND string is biased for the
read operation. However, curve 552 includes the affects
of one or more adjacent NAND strings on the selected
NAND string during the read operation. For example, in-
itializing a neighboring bit line to some voltage below the
controlled bit line voltage can be expected to result in a
total sensed current by the sense amplifier for the select-
ed NAND string as depicted by curve 552. Due to capac-
itive coupling when the neighboring bit line is initialized
to the low voltage, a current flow is induced between the
neighboring bit line and the selected bit line as previously
described. This capacitively coupled current will increase
the apparent displacement current in the selected bit line.
As illustrated, curve 552 takes longer to settle to the DC
current level representative of the conduction current of
the memory cell. This is due to the additional displace-
ment current resulting form the neighboring bit line(s).
[0147] In accordance with one embodiment, this addi-
tional displacement current resulting from the capacitive-
ly coupled current from the neighboring bit line(s) is used
as a compensation current. If one or more neighboring
memory cells are in a predetermined programmed state,
their corresponding bit lines can be initialized to a low
voltage to induce a transient current flow between the
selected bit line and the neighboring bit line(s) at the start
of a precharge or recovery phase of the read operation.
The induced current flow(s) will cause the affect on the
selected NAND string sensed current as illustrated by
curve 552. In order to utilize this additional current, the
time period for sensing the conduction current is adjusted
(shorter recovery time) so that the additional displace-
ment current is present in the selected bit line during
sensing. Accordingly, time t1 can be used as the start of
a sensing phase (e.g., phases 4 and 7) and time t2 can
be used as the start of the latching phases (e.g., phases
5 and 8). As illustrated during the time between t1 and
t2, the sensed current does not settle to the DC level due
to the capacitively coupled current(s). This additional cur-
rent can compensate for a reduced conduction current
through the selected memory cell that results from the
apparent increase in the threshold voltage of the selected
memory cell due to capacitive charge coupling from the
positively charged floating gate of a neighboring memory
cell.
[0148] Figure 22 is a timing diagram depicting the var-
ious signals and voltage levels involved when sensing

using compensation currents. The operation depicted in
Figure 22 is a second read done after determining which
adjacent memory cells are in one or more of a predeter-
mined set of programmed states. For example, Figure
22 could correspond to an upper page read operation
performed at the Vrb read level. After determining which
memory cells are programmed to state C during a previ-
ous read operation, compensation currents can be pro-
vided if necessary during the Vrb level read operation
depicted in Figure 22. Signals (A) - (I) are the same for
every bit line being sensed during the operation. Signals
(L) and (M) correspond to the bit lines of memory cells
that were determined to be in state C as a result of the
preceding read operation. Signals (J) and (K) correspond
to the bit lines of memory cells that were not determined
to be in state C as a result of the preceding read operation.
The conduction currents of these cells are sensed during
the depicted operation to determine whether they are in
one of states E and A or in state B. Although Figure 22
is described with respect to an upper page read at the
VrB level after determining which cells are in state C,
other types of reads according to the embodied principles
can be performed.
[0149] Phase (0): Setup
[0150] In phase (0), the sense module 380 for each bit
line is connected to its corresponding bit line via enabling
signal BLS. The voltage clamp is enabled with BLC.
[0151] Phase (1): Controlled Precharge
[0152] Each sense amplifier 230 is initialized by reset
signal RST which pulls the signal INV LOW and comple-
mentary signal LAT HIGH (e.g., Vdd). Precharge circuits
240 precharge their corresponding bit lines through in-
ternal sense nodes 244 and sense node SEN2 294 for
a predetermined period of time. This will bring the bit line
to an optimal voltage (e.g., 500mV) for sensing the con-
duction therein. As illustrated in Figures 22(K) and 22
(M), the bit lines of memory cells in state C as well as in
one of the other states are raised to the clamped bit line
voltage level.
[0153] Phase (2): Overwrite Sense Amplifier Latch-
es for Cells in State C
[0154] Overwriting the sense amplifier latches for cells
in state C results in the bit lines of those memory cells
being pulled to ground, and thus creating a difference in
potential between those bit lines and their neighboring
bit lines having a memory cell not in state C. The act of
phase (2) will induce a transient current flow (compen-
sation current) from the sense amplifiers of cells in state
E, A, or B to any neighboring sense amplifiers for memory
cells in state C as shown in Figure 20.
[0155] For the bit lines of memory cells in state C, the
INV signal is driven high. At the same time, the NCO
signal for all bit lines is pulsed. As a result, predetermined
data is driven back into the sense amplifier latch for the
bit lines having memory cells in state C. For example, an
indication of whether a memory cell is in state C, as de-
termined in the preceding read operation at the Vrc read
level can be maintained in the data latch stack 224 of
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each bit line. At the beginning of phase (2), this data can
be read by processor 222. If the data indicates that the
memory cell is in state C, the processor can overwrite
the data in corresponding bit line latch 214, thus over-
writing the reset of phase (1) and causing INV to go high.
This will in turn ground the corresponding bit line by ac-
tivating pull down circuit 290.
[0156] Phase (3): Sensing
[0157] After overwriting the bit line latches for memory
cells in state C and grounding their bit lines, the sensing
phase begins by raising the FLT signal for each sense
amplifier. Sensing phase (3) is performed as previously
described in Figure 15. With FLT high, the internal sense
nodes 244 become dynamic and the conduction current
of a memory cell will charge the dedicated capacitor 252.
The voltage at SEN 244 will decrease from Vdd as the
capacitor is charged through the draining action of the
conduction current in the bit line. Figure 14(I) is simplified
to show just one example of the voltage at SEN node
244 falling. The amount and rate of the decrease in volt-
age depends upon the state of the corresponding cell.
Cells in state E will have the highest conduction current
and thus, SEN node 244 will decrease most rapidly for
those cells. Cells in state A will have the SEN node 244
of their sense amplifiers decrease at the next highest rate
and cells in state B will have their SEN node 244 decrease
at the slowest rate. Because of INV going high for cells
in state C, their internal SEN nodes 244 are disconnected
from the bit lines and thus, no action occurs during the
sense phase.
[0158] Importantly, the sensing phase is accomplished
while compensation currents are flowing from the select-
ed bit lines (cells in state E, A, or B) having one or more
neighboring bit lines with a memory cell in state C to those
neighboring bit lines. By sensing using a shorter recovery
time, the sensed current of the selected bit lines will be
equal to the actual conduction current of their respective
memory cells plus any compensation currents (transient)
resulting from the difference in potential of the selected
bit line and neighboring bit line(s) that have been ground-
ed. Looking back at Figure 21, the start of sensing phase
(3) can correspond to time t1 and the start of latching
phase (4) can correspond to time t2.
[0159] Phase (4): Latching
[0160] At the end of the sensing period, SEN will have
decreased to some voltage depending on the conduction
current in the bit line (and any compensation currents).
If the sensed conduction current is above the demarca-
tion current level used for the sensing period, the output
signal INV will be pulled high and latched by latch 214
when STB strobes LOW. In our example using the Vrb
read reference level, cells in state E or A will have con-
duction currents above the demarcation current level,
and thus, their output signals will be pulled high and
latched by latch 214. If the sensed conduction current is
below the demarcation current level, the output signal
INV will remain LOW and latch 214 will be unchanged
when STB strobes LOW. In our example, cells in state B

will have conduction currents above the demarcation cur-
rent level, and thus, their output signals will remain low
and latch 214 unchanged.
[0161] Phase 5: Read Out to the Bus
[0162] In the read out phase, the control signal NCO
allows the latched signal SEN2 to be read out to the re-
adout bus 292.
[0163] In other embodiments, the sensing can be per-
formed in multiple passes as described in Figure 15. For
example, some combination of D.C. and A.C. sensing
passes or multiple A.C. passes can be used. If a multiple
pass technique is employed, any or all of the sensing
phases can be employed using a reduced recovery time
as described. In one embodiment, only the last sensing
phase will incorporate the reduced recovery time.
[0164] Figure 23 is a flow chart depicting a method in
accordance with one embodiment for reading non-vola-
tile memory using compensation currents from one or
more neighboring bit lines if necessary. For exemplary
purposes, Figure 23 will be described with respect to the
memory system depicted in Figure 20 although it will be
appreciated that other memory architectures can be
used. At step 600, the adjacent memory cell on the first
bit line neighboring the selected bit line is read to deter-
mine if that adjacent memory cell is in a programmed
state. For example, memory cell 520 can be read to de-
termine if it is programmed and carrying a positive charge
at its floating gate. At step 602, the adjacent memory cell
on the second bit line neighboring the selected bit line is
read to determine whether it is in a programmed state.
For example, memory cell 524 can be read to determine
if it is programmed and carrying a positive charge at its
floating gate. In one embodiment, steps 600 and 602 are
performed simultaneously and may be performed on all
memory cells whose control gates are connected to a
commonly selected word line. Steps 600 and 602 can
include numerous variations in accordance with various
embodiments. For example, the reading can be per-
formed to determine if the adjacent memory cells are in
one or more states from a set of programmed states. In
a binary system, the steps can be performed to determine
if the adjacent memory cells are in the sole programmed
state. In a multi-state system, steps 600 and 602 could
include determining if the adjacent memory cells are pro-
grammed to state C in one embodiment. In another em-
bodiment, the steps could determine whether they are
programmed to states B or C, states A, B, or C or any
variation thereof. In embodiments utilizing other multi-
state configurations or additional state levels, additional
or alternative programmed states can be considered in
steps 600 or 602. The precise state of the memory cell
can be determined in steps 600 or 602 (e.g., if a more
advanced technique is being used with various initializa-
tion voltages and/or sampling periods) or just whether it
is at or above a predetermined programmed level.
[0165] At step 604, the operation branches based on
whether the memory cell on the first neighboring bit line
was determined to have been programmed according to
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the criteria applied at step 600. If the memory cells is
programmed, an initialization voltage is applied to the
first neighboring bit line at step 606. Because of capac-
itive coupling between the selected bit line and the first
neighboring bit line, a transient current flow from the se-
lected bit line through the first neighboring bit line is in-
duced. At step 608, the operation braches based on
whether the memory cell on the second neighboring bit
line was determined to have been programmed accord-
ing to the criteria applied at step 602. If the second mem-
ory cell is programmed, an initialization voltage is applied
to the second neighboring bit line at step 610. Because
of capacitive coupling between the selected bit line and
the second neighboring bit line, a transient current flow
from the selected bit line through the second neighboring
bit line is induced. In one embodiment, steps 606 and
610 are performed simultaneously, and may be per-
formed simultaneously for all bit lines of memory cells
connected to the commonly selected word line. At step
612, the memory cell on the selected bit line is read using
a shorter recovery time (sampling period moved up in
time) as described. If one or more of the neighboring bit
lines were provided an initialization voltage to induce a
current through the respective neighboring bit line, ca-
pacitive coupling will result in displacement currents in
the selected bit line. By reading with a shorter recovery
time so that the displacement currents coupled from the
neighboring bit lines have not yet dissipated, the dis-
placement currents can compensate for any positive
charge coupling to the selected memory cell’s floating
gate from the programmed neighbors.
[0166] Many variations exist in accordance with em-
bodiments for performing the various operations of Fig-
ure 23. As already mentioned, steps 600 and 602 can
include determining whether a memory cell is pro-
grammed to any number of states. Moreover, those steps
can include determining the precise state of a memory
cell or whether it is merely programmed above a certain
predetermined level. In accordance therewith, variations
of steps 606, 610, and 612 can be exercised in various
embodiments. In one embodiment, steps 606 and 610
include initializing the bit line to the same voltage in every
instance. In other embodiments, the initialization voltage
applied is selected based on the state of the memory cell
determined in step 600 or 602.
[0167] Different initialization voltages can be provided
rather than just grounding a bit line. The level to which
the bit line is initialized will directly affect the difference
in voltage between the selected bit line being read and
the neighboring bit line. A lower initialization voltage pro-
vided to the neighboring bit line results in a larger differ-
ence in voltage. A larger difference in voltage between
bit lines will induce a larger transient current flow there-
between. Looking at Figure 21, a lower initialization volt-
age will shift curve 552 upwards and to the right due to
the larger displacement current in the selected bit line. A
larger initialization voltage will have the opposite effect.
[0168] In one embodiment, the actual state of a mem-

ory cell determined at step 600 or 602 is used to apply a
particular initialization voltage to the bit line. The initiali-
zation voltage applied can be lower when the adjacent
memory cell is in a higher programmed state to induce
a larger current coupling from the selected bit line. The
larger current can compensate for the larger positive
charge on the floating gate of the adjacent memory cell
that couples to the selected memory cell and causes a
reduced conduction current therein.
[0169] By way of non-limiting example, consider an
embodiment utilizing a controlled bit line voltage of
500mV for the current sensing technique. If the memory
cells are configured to store data in four states (E, A, B,
and C), an adjacent memory cell’s bit line could be ini-
tialized (at step 606 or 610) to ground if the memory cell
is programmed to state C, 150mV if programmed to state
B, and 300mV if programmed to state A. Other variations
can exist as will apparent to those of ordinary skill in the
art.
[0170] Similar to adjusting or selecting the initialization
voltage, the sampling period can be selected or adjusted
based on the state of an adjacent memory cell. As illus-
trated in Figure 22, the sampling period is moved up in
time (shorter recovery time) to capture the transient dis-
placement current resulting from the activity on the neigh-
boring bit line. The sampling period can be selected and
applied based on the state of the adjacent memory cell
so that more or less of the displacement current is present
in the selected bit line during sensing. As curve 552 il-
lustrates, the quicker the sampling is done after biasing,
the more displacement current will be present in the se-
lected NAND string. Thus, sampling can be performed
earlier when the adjacent memory cell is programmed to
a higher state and is carrying a larger positive charge at
its floating gate. Continuing with a four-state architecture
example, individual sampling periods can be established
that are dependent upon the actual state of an adjacent
memory cell. If the adjacent memory cell is programmed
to state A (carrying some but not a large positive charge),
the sampling period can be moved up in time by a first
amount so that there is small displacement current
present in the selected NAND string. If the adjacent mem-
ory cell is programmed to state B, the sampling period
can be moved up in time further so that more displace-
ment current is present in the selected NAND string. If
the adjacent memory cell is programmed to state C, the
sampling period can be moved up even further so that a
substantial amount of displacement current is present.
Various sampling periods can be chosen in accordance
with the requirements and needs of a particular imple-
mentation.
[0171] In various embodiments, combinations of select
initialization voltages and/or different sampling periods
can be used. For devices including more than four states,
additional initialization voltages and/or sampling periods
can be used.
[0172] Numerous variations of the principles embod-
ied in Figure 23 can be used in accordance with embod-

37 38 



EP 1 894 205 B1

21

5

10

15

20

25

30

35

40

45

50

55

iments for application to particular types of memory ar-
chitectures. Some of these are discussed hereinafter by
way of non-limiting examples. Figure 24 is a flow chart
depicting a method in accordance with one embodiment
that utilizes the all bit line architecture for performing a
read operation. The read operation depicted in Figure 24
is an exemplary upper page read operation for a four-
state memory cell that utilizes a coding scheme where
states B and C share the same upper page bit value. The
read is done to determine the value of that upper page
bit in each memory cell. Referring to Figure 12, the upper
page read is done at the reference read level Vrb to de-
termine whether the memory cell is in one of states E
and A or in one of states B and C. A conductive memory
cell under application of the Vrb read voltage indicates
that the memory cell is in either state E or A, and thus,
has its upper page bit is set to one. A non-conductive
memory cell under application of the Vrb read voltage
indicates that the memory cell is in either state B or C,
and thus, has its upper page bit set to zero.
[0173] Steps 620 - 631 are performed simultaneously
for every bit line in a block of the memory array being
read and correspond to reading the memory cells of a
single word line. For each bit line, the steps correspond
to reading the memory cell thereof that is connected to
the word line being read. In the particular embodiment
illustrated, these steps are performed to determine which
memory cells on the selected word line are programmed
to state C. Those cells determined to be programmed to
state C will have their corresponding bit line set to an
initialization voltage when reading the remaining cells us-
ing the Vrb read level.
[0174] At step 620, the lower data latch of data latches
224 for each bit line is set to logic 0 which is indicative
of a conducting memory cell. At step 622, the sense am-
plifier for each bit line is reset. Step 622 can include ini-
tializing the sense amplifier by reset signal RST which
will raise or charge sense node 244 to Vdd as well as
raise the signal LAT to Vdd. In one embodiment, step
622 can correspond to phase 1 of Figure 15. In Step 624,
each memory cell at the selected word line is read using
the Vrc reference read voltage to determine whether the
memory cell is in state C or a lower state. In one embod-
iment, step 624 corresponds to phases 2 - 8 of Figure
15. In such an embodiment, a two-pass sensing process
is used to more accurately sense the state of the selected
cells by reducing source line bias through the grounding
of the bit lines of more highly conductive memory cells
during subsequent sensing phases. In other embodi-
ments, a multiple pass process is not used and a more
simple single-pass sensing technique is employed such
as by charging the bit line (e.g., phase 3) and performing
one sensing operation (e.g., phase 4).
[0175] At step 626, the results (or a portion thereof) of
the first sensing operation can be stored. Step 626 can
include a read out phase as shown in Figure 15. For
example, those cells determined to be non-conductive
can have a zero stored in the corresponding upper data

latch of latches 224 since its is known as a result of the
sensing that the upper page bit for the cell is a logic ’0.’
Those memory cells that were conductive will not have
a value stored in their corresponding upper data latch.
This is because it is not yet known whether their upper
page bit is a logic ’1’ or a logic ’0.’ These cells may in any
one of states E, A, and B and the value of their upper
page bit will be determined during the sensing in step 632.
[0176] If conduction was sensed for a particular bit line,
its corresponding lower data latch 224 is maintained at
logic ’0’ at step 628 to indicate a conductive memory cell.
If conduction was not sensed for a particular bit line, its
corresponding lower data latch is set to logic ’1’ at step
628 to indicate a non-conductive memory cell. The state
of the lower data latch will be used by processor 224 to
set the appropriate condition on each bit line during the
subsequent sensing operation. The lower data latches
are used to store this information since the upper data
latches will be used to store the actual upper page data
for the sensing operation. In other embodiments, addi-
tional data latches can be used in place of the lower data
latches. Likewise, if a lower page read is being per-
formed, the upper data latches can be used to store the
information needed for determining when to apply an in-
itialization voltage to a bit line and the lower data latches
used to store the actual lower page data.
[0177] A second read operation at the Vrb level begins
after setting the appropriate logic value in each lower
data latch. This portion of the method corresponds to the
timing diagram of Figure 20. First, at step 630, each
sense amplifier is reset by asserting the RST signal (e.g.,
phase 1 of Figure 20). At step 631, for those bit lines
having a conductive memory cell, processor 222 reads
the ’0’ from the lower data latch which, according to the
direction of state machine 122, indicates that no special
action is to be taken. Accordingly, the signal LAT is main-
tained at Vdd (INV grounded) which results in charging
the bit line and internal sense node 244 to Vdd. For those
bit lines having a non-conductive memory cell, processor
222 reads the ’1’ from the lower data latch which indicates
that the bit line is to be grounded during the subsequent
read operation. Accordingly, processor 222 will overwrite
and set an appropriate condition in bit line latch 214 to
ground the bit line. By setting the condition in bit line latch
214, the signal LAT is set to ground and consequently,
the bit line is grounded.
[0178] As a result of grounding a bit line, a current flow
will result between the grounded bit line and any neigh-
boring bit lines having memory cells not in state C (INV
low so the bit line is charged to Vdd). The resulting dis-
placement current in the bit lines of cells not in state C
will act as a compensation current as described in Figures
20 - 22. This compensation current will be exploited dur-
ing the second read operation at steps 632 - 634.
[0179] Steps 632 and 634 are performed only for those
bit lines having a conductive memory cell. The bit lines
having a non-conductive memory cell were previously
determined to have been in state C. Thus, it is unneces-
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sary to do a read of these memory cells at the Vrb level.
However, in other embodiments, steps 632 and 634 can
be performed for every bit line. At step 632, each bit line
of a conductive memory cell is read at the Vrb read level.
Step 632 can be performed as depicted in phases 3 and
4 of Figure 22. In other embodiments, a multi-pass sens-
ing process can be used at step 632 to gain a more ac-
curate read by reducing or eliminating source line bias
during subsequent sensing phases. FLT will be pulled
high to begin the sensing process. The time during which
FLT is high is adjusted as described in Figure 21 to pro-
vide a shorter recovery time so that the displacement
current resulting from capacitive coupling is in the bit line.
After reading the memory cells in step 632 and latching
the output in bit line latch 214, the results are stored in
step 634, which can include the read out phase (5) of
Figure 22.
[0180] If a multi-pass sensing technique is performed,
the second (or later) sensing phase can include the short-
er recovery time as previously described. If a single-pass
sensing technique is performed, the single sensing
phase can include the shorter recovery time. The dis-
placement current caused by grounding the bit lines of
programmed neighboring memory cells will provide the
compensation current to the bit lines being read because
of capacitive coupling. The compensation current(s)
flowing between bit lines results in the respective sense
nodes of the sense amps discharging at a faster rate than
would occur without the compensation current. The com-
pensation current is intended to be substantially equal to
the decreased conduction current of the applicable mem-
ory cells which results from capacitive coupling of a por-
tion of the charge stored in the floating gates of any pro-
grammed neighboring memory cells. Thus, the compen-
sation current causes the dedicated capacitor 252 to
charge at a rate that would normally occur were no neigh-
boring memory cells programmed. Accordingly, a more
accurate reading of those cells can be performed by com-
pensating for the decreased discharge rate at the sense
node resulting from one or more programmed neighbor-
ing memory cells.
[0181] As previously mentioned, numerous variations
can exist according to the needs of a particular imple-
mentation. In one embodiment for example, steps 620 -
628 can be repeated using additional read reference volt-
ages. If the targeted read at step 632 is to be performed
using the Vra read reference voltage for example, steps
620 - 628 could be repeated to determine which cells are
in state B as well as state C. This data could be stored
in additional data latches at step 628 and used to initialize
the bit lines of those cells to a higher initialization voltage
than that of bit lines with a memory cell in state C. A larger
initialization voltage can be applied to the bit lines of cells
in state B to induce a smaller compensation current in
neighboring bit lines. Additionally, the method of Figure
24 can easily be modified for a lower page read in an
embodiment that uses a coding scheme as described in
Figures 13A-13C. The method is essentially the same

since a lower page read in such an embodiment is per-
formed at the Vrb reference read level. In such a scheme,
the upper data latches can be used to store the informa-
tion indicating which cells are determined to be in state
C during steps 620-628 since the lower data latches will
be used to store the actual data at steps 626 and 634.
The method of Figure 24 could also be modified for a full
sequence read operation. For example, when doing a
read at the Vra reference level (steps 632-634), steps
620-628 could be performed one or more times to deter-
mine which cells are in state B and/or which cells are in
state C so that appropriate initialization voltages can be
applied. When doing a read at the Vrb reference level
(steps 632-634), steps 620-628 could be performed to
determine which cells are in state C. Many other varia-
tions and alternatives can be made in accordance with
other embodiments while still remaining within the scope
of the present disclosure.
[0182] Figure 25 depicts a read operation in accord-
ance with another embodiment that utilizes the odd/even
bit line architecture. The method of Figure 25 can be used
to read the memory cells along a single word line of a
block that are connected to either the odd or even bit
lines. Similar to the method of Figure 24, the method of
Figure 25 is for an upper page read, although lower page
or other types of reads (e.g., cells programmed using full
sequence) can be performed in accordance with the em-
bodied principles. In Figure 25, Steps 640 - 651 are per-
formed for each odd bit line and steps 652 - 656 are
performed for each even bit line. In other embodiments,
steps 640 - 651 could be performed for the even bit lines
and steps 652 - 656 could be performed for the odd bit
lines.
[0183] The method of Figure 25 begins at step 640
where the lower data latch of each odd bit line is set to
logic ’0,’ indicative of a conducting memory cell. At step
642, the sense amplifiers for the odd bit lines are reset
by raising the RST signal. In response to the reset signal
RST, the internal sense node 244 of each sense amplifier
is raised to Vdd and the signal LAT is raised to Vdd. At
step 644, the memory cells of the selected word line that
are connected to the odd bit lines are read using the Vrc
read level. As in Figure 24, step 644 can be performed
using a single or multi-pass sensing technique. At step
646, the results of step 644 are stored. For memory cells
that were non-conductive under application of the Vrc
control gate voltage, a logic ’0’ can be stored in their
corresponding upper data latches to signify that their up-
per page bit is set to 0. The conductive memory cells
connected to the odd bit lines will not have a value stored
in step 646. It is only known at this moment that these
memory cells are in one of states E, A, and B, and thus,
the value of their upper page bit is unknown. At step 648,
the value stored in the lower data latches is adjusted
depending on the result of the previous read. For the bit
line of a non-conductive memory cell, the lower data latch
is set to logic ’1.’ For the bit line of a conductive memory
cell, the lower data latch is maintained at logic ’0.’
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[0184] At step 650, a second read operation begins at
the Vrb read level. First, the sense amplifiers for each
odd bit line are reset at step 650. At step 651, the proc-
essor 222 associated with each odd bit line reads the
value from the associated lower data latch to determine
how each is to be set up for the read. For those odd bit
lines having a conductive memory cell, the processor
reads the logic ’0’ and according to the direction of state
machine 122, takes no special action. Accordingly, sig-
nals LAT and SEN are raised to Vdd which results in
charging the internal sense node 244 to Vdd. For those
odd bit lines having a non-conductive memory cell, proc-
essor 222 reads the logic ’1’ from the lower data latch
which indicates that the bit line is to be grounded during
the subsequent read operation. Accordingly, the proces-
sor overwrites and sets an appropriate condition in bit
line latch 214 to ground the bit line. Subsequently, the
signal LAT is set to ground and the bit line is grounded.
[0185] After determining whether the memory cell of
each odd bit line memory cell is programmed to state C
or not, reading the even bit lines at the Vrb read level
proceeds. First, the sense amplifiers for each even bit
line are reset at step 652. At step 654, the memory cell
of each even bit line that is connected to the selected
word line is read. A multi-pass sensing technique as de-
scribed with respect to Figure 15 or a more simple single-
pass technique can be used. For the odd bit lines, those
memory cells determined to be non-conductive at the Vrc
read level in step 644 had their corresponding bit line
grounded at step 650. This results in a current flow from
any even bit line having a grounded neighboring odd bit
line. The resulting displacement current in the selected
even bit lines will act as a compensation current. This
compensation current will be exploited during the second
read operation at steps 654 - 656.
[0186] The read at step 654 is performed with a shorter
recovery time than normal such that a compensation cur-
rent, resulting from capacitive coupling, is present in the
appropriate even bit lines. That is, those even bit lines
which are adjacent an odd bit line with a memory cell of
the selected word line in state C, will have a compensa-
tion current flowing therein during the read operation. Af-
ter reading the memory cells of the even bit lines using
the shorter recovery time, the results are stored in step
656. If a cell is conductive at the Vrb read level, it is de-
termined to have an upper page bit set to ’1,’ and accord-
ingly, the upper data latch corresponding thereto is set
to logic ’1.’ If a cell is non-conductive at the Vrb read level,
it is determined to have an upper page bit set to ’0,’ and
accordingly, the lower data latch corresponding thereto
is set to logic ’0.’
[0187] Figure 26 is a method in accordance with one
embodiment that can be used to perform an upper page
read for each odd bit line in an odd/even bit line archi-
tecture. In one embodiment, Figure 26 can be performed
after step 656 of Figure 25 in order to complete a full read
of each odd and even bit line for the upper page. Steps
660 - 671 are performed for each even bit line to deter-

mine whether the memory cells of the selected word line
are programmed to state C. These steps correspond to
steps 640 - 651 of Figure 25 which are performed for the
odd bit line. The lower latches for each even bit line are
set to logic ’0,’ indicative of a conducting memory cell, at
step 660. At step 662, the sense amplifiers are reset,
thereby setting the signals SEN and LAT to Vdd to charge
the internal sense node 244 to Vdd. At Step 664, each
memory cell of an even bit line that is connected to the
selected word line is read at the Vrc read level. For those
memory cells determined to be non-conductive at step
664, a value of ’1’ is stored in the appropriate upper data
latch at step 666. At step 668, the lower data latches for
the even bit lines are set according to the result of the
reading at step 664. For conductive memory cells, the
lower data latches are maintained at logic ’0,’ while the
lower data latches for the non-conductive memory cells
are switched to logic ’1.’
[0188] The sense amplifiers for each even bit line are
reset at step 670 by raising the RST signal. At step 671,
for those bit lines with a lower data latch set to logic ’1,’
the signals LAT and SEN are raised to Vdd, resulting in
charging of the internal sense node 244 of the corre-
sponding sense amplifiers to Vdd. For those bit lines with
a lower data latch set to logic ’0,’ the corresponding proc-
essors 222 set LAT to ground which results in grounding
of those bit lines.
[0189] The method then proceeds to steps 672 - 680,
in which the odd bit lines are read at the Vrb read level.
In step 672, a determination can be made, from the re-
sults of step 644 of Figure 25, as to whether a memory
cell has already been determined to be in state C. If a
cell has already determined to be in state C, the results
for that memory cell as stored in step 646 of Figure 25
can be maintained at step 674. For each remaining odd
bit line, the method proceeds to step 676 where the cor-
responding sense amplifier is reset. At step 678 the se-
lected memory cells are read at the Vrb read level.
Grounding the bit lines of programmed memory cells will
result in compensation currents in each neighboring odd
bit line due to capacitive coupling. The odd bit lines are
read at step 678 using a shorter recovery time so that
the compensation currents are present in the odd bit lines
during the sampling period. At step 680, the results of
the Vrb level read are stored. Memory cells that are con-
ductive under application of the Vrb read voltage are de-
termined to be in one of states E and A, and thus have
an upper page bit set to logic ’1.’ The upper data latches
for each of these memory cells are set to logic ’1’ at step
680. Memory cells that are not conductive under appli-
cation of the Vrb read voltage are determined to be in
one of states B and C, and thus, have their upper page
bit set to logic ’0.’ The upper data latches for each of
these memory cells are set to logic ’0’ at step 680.
[0190] The foregoing detailed description of the inven-
tion has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. Many modi-
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fications and variations are possible in light of the above
teaching. The described embodiments were chosen in
order to best explain the principles of the invention and
its practical application, to thereby enable others skilled
in the art to best utilize the invention in various embodi-
ments and with various modifications as are suited to the
particular use contemplated. It is intended that the scope
of the invention be defined by the claims appended here-
to.

Claims

1. A method of reading data from non-volatile storage,
comprising:

reading a first non-volatile storage element
(520) of a first group of non-volatile storage el-
ements to determine whether said first non-vol-
atile storage element (520) is programmed to a
first programmed state;
providing an initialization voltage to a bit line
(502) for said first group if said first non-volatile
storage element (520) is determined to be in said
first programmed state, said providing resulting
in a first current (532) in a bit line (504) for a
second group of non-volatile storage elements,
wherein said bit line (502) for said first group of
non-volatile storage elements is adjacent to said
bit line (504) for said second group of non-vol-
atile storage elements, and
reading a second non-volatile storage element
(522) of said second group while said first cur-
rent (532) is in said bit line (504) for said second
group of non-volatile storage elements if said
first non-volatile storage element (520) is pro-
grammed to said first programmed state,
wherein said first current (532) in said second
bit line (504) increases an apparent conduction
current of said second non-volatile storage ele-
ment (522); and
reading said second non-volatile storage ele-
ment (522) without said first current (532) in said
bit line (504) for said second group of non-vol-
atile storage elements if said first non-volatile
storage element (520) is not programmed to said
first programmed state.

2. The method of claim 1, wherein said step of reading
said first non-volatile storage element (520) compris-
es:

determining whether a threshold voltage of said
first non-volatile storage element (520) is at or
above a first reference read level corresponding
to said first programmed state.

3. The method of claim 1, wherein said step of reading

said first non-volatile storage element (520) compris-
es:

determining whether a conduction current of
said first non-volatile storage element (520) is
at or above a first breakpoint level corresponding
to said first programmed state.

4. The method of claim 1, wherein:

said step of providing said initialization voltage
induces said first current (532) in said bit line
(504) for said second group by creating a differ-
ence in voltage between said bit line (502) for
said first group and said bit line (504) for said
second group, said first current (532) flows from
said bit line (504) for said second group to said
bit line (502) for said first group as a result of
capacitive coupling.

5. The method of claim 1, wherein said step of providing
includes:

grounding said first bit line (502) for said first
group of non-volatile storage elements.

6. The method of claim 1, wherein said step of reading
said second non-volatile storage element (522) in-
cludes:

sensing a conduction current (507) of said sec-
ond non-volatile storage element (522) during a
first sampling period, said first current increases
an apparent value of said conduction current.

7. The method of claim 6, wherein:

said reading without said first current (532) in
said bit line (504) for said second group is per-
formed during a second sampling period, said
first sampling period is before said second sam-
pling period.

8. The method of claim 1, wherein:

said step of reading said second non-volatile
storage element (522) includes sensing whether
a voltage level at a sensing circuit for said sec-
ond group of non-volatile storage elements
drops below a predetermined level correspond-
ing to a second programmed state within a first
period of time; and
said first current (532) in said bit line (504) for
said second group increases a rate at which said
voltage level at said sensing circuit drops during
said first period of time.

9. The method of claim 1, wherein:
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said first group of non-volatile storage elements
is a first NAND string (508, 514, 520, 526); and
said second group of non-volatile storage ele-
ments is a second NAND string (510, 516, 522,
528) adjacent to said first NAND string (508,
514, 520, 526).

10. The method of claim 9, wherein:

said first non-volatile storage element (520) is
coupled to a first word line (WLi); and
said second non-volatile storage element (522)
is coupled to said first word line (WLi).

11. The method of claim 1, wherein:

said first programmed state is one of a plurality
of states to which said first group of non-volatile
storage elements can be programmed;
said initialization voltage is a first initialization
voltage;
said step of reading includes determining wheth-
er said first non-volatile storage element (520)
is programmed to said first programmed state
or at least one other programmed state of said
plurality of states; and
said method further comprises providing a sec-
ond initialization voltage to said bit line (502) for
said first group of non-volatile storage elements
if said first non-volatile storage element (520) is
programmed to said at least one other pro-
grammed state.

12. The method of claim 11, wherein:

a threshold voltage range of said first pro-
grammed state is at a higher level than a thresh-
old voltage of said at least one other pro-
grammed state; and
said first initialization voltage is lower than said
second initialization voltage.

13. The method of claim 1, wherein:

said step of reading said second non-volatile
storage element (522) is a second reading of
said second non-volatile storage element (522)
to determine whether said second non-volatile
storage element (522) is programmed to a sec-
ond programmed state; and
said step of reading said first non-volatile stor-
age element (520) includes a first reading of said
second non-volatile storage element (522) to
determine whether said second non-volatile
storage element (522) is programmed to said
first programmed state.

14. The method of claim 1, wherein:

said first non-volatile storage element (520) and
said second non-volatile storage element (522)
are part of a set of non-volatile storage elements,
said first non-volatile storage element (520) is
part of a first subset of said set and said second
non-volatile storage element (522) is part of a
second subset of said set;
non-volatile storage elements of said set are
connected to a first word line (WLi) and consec-
utive bit lines (502, 504, 506);
said set of non-volatile storage elements in-
cludes a first page of data and a second page
of data;
said first (520) and second (522) non-volatile
storage elements each store a portion of said
first page of data and a portion of said second
page of data;
non-volatile storage elements of said first subset
of non-volatile storage elements are coupled to
a first subset of said consecutive bit lines (502,
506) that includes every other bit line; and
non-volatile storage elements of said second
subset of non-volatile storage elements are cou-
pled to a second subset of said consecutive bit
lines (504) that includes every other bit line.

15. The method of claim 1, further comprising:

reading a third non-volatile storage element
(524) of a third group of non-volatile storage el-
ements to determine whether said third non-vol-
atile storage element (524) is programmed to
said first programmed state; and
providing an initialization voltage to a bit line
(506) for said third group if said third non-volatile
storage element (524) is determined to be in said
first programmed state, said providing resulting
in a second current (534) in said bit line (504)
for said second group;
wherein said reading said second non-volatile
storage element (522) comprises reading said
second non-volatile storage element (522) while
said first current (532) and said second current
(534) are in said bit line (504) for said second
group of non-volatile storage elements if said
third non-volatile storage element (524) is pro-
grammed to said first programmed state.

16. A non-volatile memory system, comprising:

a first group of non-volatile storage elements
coupled to a first bit line (502), said first group
of non-volatile storage elements comprising a
first non-volatile storage element (520);
a second group of non-volatile storage elements
coupled to a second bit line (504), said second
group of non-volatile storage elements compris-
ing a second non-volatile storage element (522),
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wherein said first bit line (502) is adjacent to said
second bit line (504); and
at least one sense block (SA1, SA2) in commu-
nication with said first group of non-volatile stor-
age elements and said second group of non-
volatile storage elements, said at least one
sense block (SA1, SA2):

receives a request to read said second non-
volatile storage element (522) of said sec-
ond group;
reads at least said first non-volatile storage
element (520) of said first group in response
to said request;
provides an initialization voltage to said first
bit line (502) if said first non-volatile storage
element (520) is programmed to at least one
predetermined state, said initialization volt-
age resulting in a first current (532) in said
second bit line (504), and
reads said second non-volatile storage el-
ement (522) while said first current (532) is
in said second bit line (504) if said first non-
volatile storage element (520) is pro-
grammed to said at least one predeter-
mined state,
wherein said first current (532) in said sec-
ond bit line (504) increases an apparent
conduction current of said second non-vol-
atile storage element (522); and
reads said second non-volatile storage el-
ement (522) without said first current (532)
in said second bit line (504) if said first non-
volatile storage element (520) is not pro-
grammed to said at least one predeter-
mined state.

17. The non-volatile memory system of claim 16, where-
in:

said at least one predetermined state includes
a plurality of states.

18. The non-volatile memory system of claim 17, where-
in:

said providing comprises providing a same ini-
tialization voltage regardless of which state of
said plurality of states said first non-volatile stor-
age element (520) is in.

19. The non-volatile memory system of claim 17, where-
in:

said plurality of states includes at least a first
state and a second state; and
said step of providing comprises applying a first
initialization voltage if said first non-volatile stor-

age element (520) is in said first programmed
state and a second initialization voltage if said
first non-volatile storage element (520) is in said
second programmed state.

20. The non-volatile memory system of claim 16, where-
in:

said first non-volatile storage element (520) and
said second non-volatile storage element (522)
are each coupled to a first word line (WLi).

21. The non-volatile memory system of claim 16, where-
in:

said at least one sense block (SA1, SA2) in-
cludes a first sense block (SA1) in communica-
tion with said first group of non-volatile storage
elements and a second sense block (SA2) in
communication with said second group of non-
volatile storage elements;
said first sense block (SA1) reads said first non-
volatile storage element (520) and provides said
initialization voltage; and
said second sense block (SA2) reads said sec-
ond non-volatile storage element (522).

22. The non-volatile memory system of claim 16, where-
in:

said sense block (SA1, SA2) includes at least
one of sense circuitry and a processor.

23. The non-volatile memory system of claim 16, further
comprising:

at least one managing circuit in communication
with said at least one sense block (SA1, SA2);
wherein said at least one sense block (SA1,
SA2) is under the control of said at least one
managing circuit.

Patentansprüche

1. Verfahren zum Lesen von Daten aus nichtflüchtigem
Speicher, mit den folgenden Schritten:

Lesen eines ersten nichtflüchtigen Speicherele-
ments (520) einer ersten Gruppe von nichtflüch-
tigen Speicherelementen, um zu bestimmen, ob
das erste nichtflüchtige Speicherelement (520)
auf einen ersten programmierten Zustand pro-
grammiert ist;
Anlegen einer Initialisierungsspannung an eine
Bitleitung (502) für die erste Gruppe, wenn be-
stimmt wird, dass sich das erste nichtflüchtige
Speicherelement (520) in dem ersten program-
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mierten Zustand befindet, wobei das Anlegen
zu einem ersten Strom (532) in einer Bitleitung
(504) für eine zweite Gruppe von nichtflüchtigen
Speicherelementen führt, wobei die Bitleitung
(502) für die erste Gruppe von nichtflüchtigen
Speicherelementen an die Bitleitung (504) für
die zweite Gruppe von nichtflüchtigen Speicher-
elementen angrenzt, und
Lesen eines zweiten nichtflüchtigen Speicher-
elements (522) der zweiten Gruppe während
sich der erste Strom (532) in der Bitleitung (504)
für die zweite Gruppe von nichtflüchtigen Spei-
cherelementen befindet, wenn das erste nicht-
flüchtige Speicherelement (520) auf den ersten
programmierten Zustand programmiert ist, wo-
bei der erste Strom (532) in der zweiten Bitlei-
tung (504) einen anscheinenden Leitungsstrom
des zweiten nichtflüchtigen Speicherelements
(522) vergrößert; und
Lesen des zweiten nichtflüchtigen Speicherele-
ments (522) ohne den ersten Strom (532) in der
Bitleitung (504) für die zweite Gruppe von nicht-
flüchtigen Speicherelementen, wenn das erste
nichtflüchtige Speicherelement (520) nicht auf
den ersten programmierten Zustand program-
miert ist.

2. Verfahren nach Anspruch 1, wobei der Schritt des
Lesens des ersten nichtflüchtigen Speicherele-
ments (520) Folgendes umfasst:

Bestimmen, ob eine Schwellenspannung des
ersten nichtflüchtigen Speicherelements (520)
auf oder über einem ersten Referenzlesewert
liegt, der dem ersten programmierten Zustand
entspricht.

3. Verfahren nach Anspruch 1, wobei der Schritt des
Lesens des ersten nichtflüchtigen Speicherele-
ments (520) Folgendes umfasst:

Bestimmen, ob ein Leitungsstrom des ersten
nichtflüchtigen Speicherelements (520) auf
oder über einem ersten Breakpoint-Wert liegt,
der dem ersten programmierten Zustand ent-
spricht.

4. Verfahren nach Anspruch 1, wobei
der Schritt des Anlegens der Initialisierungsspan-
nung den ersten Strom (532) in der Bitleitung (504)
für die zweite Gruppe durch Erzeugen einer Span-
nungsdifferenz zwischen der Bitleitung (502) für die
erste Gruppe und der Bitleitung (504) für die zweite
Gruppe induziert, wobei der erste Strom (532) als
Ergebnis von kapazitiver Kopplung von der Bitlei-
tung (504) für die zweite Gruppe zu der Bitleitung
(502) für die erste Gruppe fließt.

5. Verfahren nach Anspruch 1, wobei der Schritt des
Anlegens Folgendes umfasst:

Verbinden der ersten Bitleitung (502) für die er-
ste Gruppe von nichtflüchtigen Speicherele-
menten mit Masse.

6. Verfahren nach Anspruch 1, wobei der Schritt des
Lesens des zweiten nichtflüchtigen Speicherele-
ments (522) Folgendes umfasst:

Erfassen eines Leitungsstroms (507) des zwei-
ten nichtflüchtigen Speicherelements (522)
während einer ersten Abtastperiode, wobei der
erste Strom einen anscheinenden Wert des Lei-
tungsstroms vergrößert.

7. Verfahren nach Anspruch 6, wobei
das Lesen ohne den ersten Strom (532) in der Bit-
leitung (504) für die zweite Gruppe während einer
zweiten Abtastperiode durchgeführt wird, wobei die
erste Abtastperiode vor der zweiten Abtastperiode
kommt.

8. Verfahren nach Anspruch 1, wobei
der Schritt des Lesens des zweiten nichtflüchtigen
Speicherelements (522) das Erfassen umfasst, ob
ein Spannungswert an einer Erfassungsschaltung
für die zweite Gruppe von nichtflüchtigen Speicher-
elementen innerhalb eines ersten Zeitraums unter
einen vorbestimmten Wert abfällt, der einem zweiten
programmierten Zustand entspricht; und
der erste Strom (532) in der Bitleitung (504) für die
zweite Gruppe eine Geschwindigkeit vergrößert, mit
der der Spannungswert an der Erfassungsschaltung
während des ersten Zeitraums abfällt.

9. Verfahren nach Anspruch 1, wobei
die erste Gruppe von nichtflüchtigen Speicherele-
menten eine erste NAND-Kette (508, 514, 520, 526)
ist; und
die zweite Gruppe von nichtflüchtigen Speicherele-
menten eine zweite NAND-Kette (510, 516, 522,
528) ist, die an die erste NAND-Kette (508, 514, 520,
526) angrenzt.

10. Verfahren nach Anspruch 9, wobei
das erste nichtflüchtige Speicherelement (520) mit
einer ersten Wortleitung (WLi) gekoppelt ist; und das
zweite nichtflüchtige Speicherelement (522) mit der
ersten Wortleitung (WLi) gekoppelt ist.

11. Verfahren nach Anspruch 1, wobei
der erste programmierte Zustand einer von mehre-
ren Zuständen ist, auf die die erste Gruppe von nicht-
flüchtigen Speicherelementen programmiert werden
kann;
die Initialisierungsspannung eine erste Initialisie-
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rungsspannung ist;
der Schritt des Lesens das Bestimmen umfasst, ob
das erste nichtflüchtige Speicherelement (520) auf
den ersten programmierten Zustand oder auf min-
destens einen anderen programmierten Zustand
der mehreren Zustände programmiert ist; und das
Verfahren ferner den folgenden Schritt umfasst: An-
legen einer zweiten Initialisierungsspannung an die
Bitleitung (502) für die erste Gruppe von nichtflüch-
tigen Speicherelementen, wenn das erste nichtflüch-
tige Speicherelement (520) auf den mindestens ei-
nen anderen programmierten Zustand programmiert
ist.

12. Verfahren nach Anspruch 11, wobei
ein Schwellenspannungsbereich des ersten pro-
grammierten Zustands auf einem höheren Wert als
eine Schwellenspannung des mindestens einen an-
deren programmierten Zustands liegt; und die erste
Initialisierungsspannung niedriger als die zweite In-
itialisierungsspannung ist.

13. Verfahren nach Anspruch 1, wobei
der Schritt des Lesens der zweiten nichtflüchtigen
Speicherelements (522) ein zweites Lesen des zwei-
ten nichtflüchtigen Speicherelements (522) ist, um
zu bestimmen, ob das zweite nichtflüchtige Spei-
cherelement (522) auf einen zweiten programmier-
ten Zustand programmiert ist; und
der Schritt des Lesens des ersten nichtflüchtigen
Speicherelements (520) ein erstes Lesen des zwei-
ten nichtflüchtigen Speicherelements (522) umfasst,
um zu bestimmen, ob das zweite nichtflüchtige Spei-
cherelement (522) auf den ersten programmierten
Zustand programmiert ist.

14. Verfahren nach Anspruch 1, wobei
das erste nichtflüchtige Speicherelement (520) und
das zweite nichtflüchtige Speicherelement (522) Teil
einer Menge von nichtflüchtigen Speicherelementen
sind, das erste nichtflüchtige Speicherelement (520)
Teil einer ersten Teilmenge der Menge und das zwei-
te nichtflüchtige Speicherelement (522) Teil einer
zweiten Teilmenge der Menge ist;
nichtflüchtige Speicherelemente der Menge mit ei-
ner ersten Wortleitung (WLi) und aufeinanderfolgen-
den Bitleitungen (502, 504, 506) verbunden sind;
die Menge von nichtflüchtigen Speicherelementen
eine erste Seite Daten und eine zweite Seite Daten
umfasst;
das erste (520) und zweite (522) nichtflüchtige Spei-
cherelement jeweils einen Teil der ersten Seite Da-
ten und einen Teil der zweiten Seite Daten spei-
chern;
nichtflüchtige Speicherelemente der ersten Teil-
menge von nichtflüchtigen Speicherelementen mit
einer ersten Teilmenge der aufeinanderfolgenden
Bitleitungen (502, 506) gekoppelt sind, die jede zwei-

te Bitleitung umfasst; und
nichtflüchtige Speicherelemente der zweiten Teil-
menge von nichtflüchtigen Speicherelementen mit
einer zweiten Teilmenge der aufeinanderfolgenden
Bitteitungen (504) gekoppelt sind, die jede zweite
Bilteitung umfasst.

15. Verfahren nach Anspruch 1, ferner mit den folgen-
den Schritten:

Lesen eines dritten nichtflüchtigen Speicherele-
ments (524) einer dritten Gruppe von nichtflüch-
tigen Speicherelementen, um zu bestimmen, ob
das dritte nichtflüchtige Speicherelement (524)
auf den ersten programmierten Zustand pro-
grammiert ist; und
Anlegen einer Initialisierungsspannung an eine
Bitleitung (506) für die dritte Gruppe, wenn be-
stimmt wird, dass sich das dritte nichtflüchtige
Speicherelement (524) in dem ersten program-
mierten Zustand befindet, wobei das Anlegen
zu einem zweiten Strom (534) in der Bitleitung
(504) für die zweite Gruppe führt;
wobei das Lesen des zweiten nichtflüchtigen
Speicherelements (522) Folgendes umfasst:
Lesen des zweiten nichtflüchtigen Speicherele-
ments (522), während sich der erste Strom (532)
und der zweite Strom (534) in der Bitleitung
(504) für die zweite Gruppe von nichtflüchtigen
Speicherelementen befinden, wenn das dritte
nichtflüchtige Speicherelement (524) auf den er-
sten programmierten Zustand programmiert ist.

16. Nichtflüchtiges Speichersystem, umfassend:

eine mit einer ersten Bitleitung (502) gekoppelte
erste Gruppe von nichtflüchtigen Speicherele-
menten, wobei die erste Gruppe von nichtflüch-
tigen Speicherelementen ein erstes nichtflüch-
tiges Speicherelement (520) umfasst;
eine mit einer zweiten Bitleitung (504) gekop-
pelte zweite Gruppe von nichtflüchtigen Spei-
cherelementen, wobei die zweite Gruppe von
nichtflüchtigen Speicherelementen ein zweites
nichtflüchtiges Speicherelement (522) umfasst,
wobei die erste Bitleitung (502) an die zweite
Bitleitung (504) angrenzt; und
mindestens einen Erfassungsblock (SA1, SA2)
in Kommunikation mit der ersten Gruppe von
nichtflüchtigen Speicherelementen und der
zweiten Gruppe von nichtflüchtigen Speicher-
elementen,
wobei der mindestens eine Erfassungsblock
(SA1, SA2)
eine Anforderung zum Lesen des zweiten nicht-
flüchtigen Speicherelements (522) der zweiten
Gruppe empfängt;
mindestens das erste nichtflüchtige Speicher-
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element (520) der ersten Gruppe als Reaktion
auf die Anforderung liest;
eine Initialisierungsspannung an die erste Bit-
leitung (502) anlegt, wenn das erste nichtflüch-
tige Speicherelement (520) auf mindestens ei-
nen vorbestimmten Zustand programmiert ist,
wobei die Initialisierungsspannung zu einem er-
sten Strom (532) in der zweiten Bitleitung (504)
führt, und das zweite nichtflüchtige Speicherele-
ment (522) liest, während sich der erste Strom
(532) in der zweiten Bitleitung (504) befindet,
wenn das erste nichtflüchtige Speicherelement
(520) auf den mindestens einen vorbestimmten
Zustand programmiert ist,
wobei der erste Strom (532) in der zweiten Bit-
leitung (504) einen anscheinenden Leitungs-
strom des zweiten nichtflüchtigen Speicherele-
ments (522) vergrößert; und
das zweite nichtflüchtige Speicherelement
(522) ohne den ersten Strom (532) in der zwei-
ten Bitleitung (504) liest, wenn das erste nicht-
flüchtige Speicherelement (520) nicht auf den
mindestens einen vorbestimmten Zustand pro-
grammiert ist.

17. Nichtflüchtiges Speichersystem nach Anspruch 16,
wobei
der mindestens eine vorbestimmte Zustand mehrere
Zustände umfasst.

18. Nichtflüchtiges Speichersystem nach Anspruch 17,
wobei
das Anlegen das Anlegen einer selben Initialisie-
rungsspannung ungeachtet, in welchem Zustand
der mehreren Zustände sich das erste nichtflüchtige
Speicherelement (520) befindet, umfasst.

19. Nichtflüchtiges Speichersystem nach Anspruch 17,
wobei
die mehreren Zustände mindestens einen ersten Zu-
stand und einen zweiten Zustand umfassen; und der
Schritt des Anlegens das Anwenden einer ersten In-
itialisierungsspannung, wenn sich das erste nicht-
flüchtige Speicherelement (520) in dem ersten pro-
grammierten Zustand befindet, und einer zweiten In-
itialisierungsspannung, wenn sich das erste nicht-
flüchtige Speicherelement (520) in dem zweiten pro-
grammierten Zustand befindet, umfasst.

20. Nichtflüchtiges Speichersystem nach Anspruch 16,
wobei
das erste nichtflüchtige Speicherelement (520) und
das zweite nichtflüchtige Speicherelement (522) je-
weils mit einer ersten Wortleitung (WLi) gekoppelt
sind.

21. Nichtflüchtiges Speichersystem nach Anspruch 16,
wobei

der mindestens eine Erfassungsblock (SA1, SA2)
einen ersten Erfassungsblock (SA1) in Kommunika-
tion mit der ersten Gruppe von nichtflüchtigen Spei-
cherelementen und einen zweiten Erfassungsblock
(SA2) in Kommunikation mit der zweiten Gruppe von
nichtflüchtigen Speicherelementen umfasst;
der erste Erfassungsblock (SA1) das erste nicht-
flüchtige Speicherelement (520) liest und die Initia-
lisierungsspannung anlegt; und
der zweite Erfassungsblock (SA2) das zweite nicht-
flüchtige Speicherelement (522) liest.

22. Nichtflüchtiges Speichersystem nach Anspruch 16,
wobei
der Erfassungsblock (SA1, SA2) Leseschaltkreise
und/oder einen Prozessor umfasst.

23. Nichtflüchtiges Speichersystem nach Anspruch 16,
ferner umfassend:

mindestens eine Verwaltungsschaltung in Kom-
munikation mit dem mindestens einen Erfas-
sungsblock (SA1, SA2);
wobei der mindestens eine Erfassungsblock
(SA1, SA2) der Kontrolle der mindestens einen
Verwaltungsschaltung unterliegt.

Revendications

1. Procédé pour lire des données depuis une mémoire
non volatile, consistant à :

lire un premier élément de stockage non volatil
(520) d’un premier groupe d’éléments de stoc-
kage non volatils pour déterminer si ledit premier
élément de stockage non volatil (520) est pro-
grammé dans un premier état programmé ;
fournir une tension d’initialisation à une ligne de
bits (502) destinée audit premier groupe s’il est
déterminé que ledit premier élément de stocka-
ge non volatil (520) est dans ledit premier état
programmé,
ladite fourniture conduisant à un premier cou-
rant (532) dans une ligne de bits (504) destinée
à un second groupe d’éléments de stockage non
volatils, dans lequel ladite ligne de bits (502)
destinée audit premier groupe d’éléments de
stockage non volatils est adjacente à ladite ligne
de bits (504) destinée audit second groupe
d’éléments de stockage non volatils, et
lire un second élément de stockage non volatil
(522) dudit second groupe pendant que ledit
premier courant (532) est présent dans ladite
ligne de bits (504) destinée audit second groupe
d’éléments de stockage non volatils si ledit pre-
mier élément de stockage non volatil (520) est
programmé dans ledit premier état programmé,
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dans lequel ledit premier courant (532) présent
dans ladite seconde ligne de bits (504) fait aug-
menter un courant de conduction apparent dudit
second élément de stockage non volatil (522) ;
et
lire ledit second élément de stockage non volatil
(522) en l’absence dudit premier courant (532)
dans ladite ligne de bits (504) destinée audit se-
cond groupe d’éléments de stockage non vola-
tils si ledit premier élément de stockage non vo-
latil (520) n’est pas programmé dans ledit pre-
mier état programmé.

2. Procédé selon la revendication 1, dans lequel ladite
étape consistant à lire ledit premier élément de stoc-
kage non volatil (520) consiste à :

déterminer si une tension de seuil dudit premier
élément de stockage non volatil (520) est supé-
rieure ou égale à un premier niveau de lecture
de référence correspondant audit premier état
programmé.

3. Procédé selon la revendication 1, dans lequel ladite
étape de lecture dudit premier élément de stockage
non volatil (520) consiste à :

déterminer si un courant de conduction dudit
premier élément de stockage non volatil (520)
est supérieur ou égal à un premier niveau de
point d’interruption correspondant audit premier
état programmé.

4. Procédé selon la revendication 1, dans lequel :

ladite étape consistant à fournir ladite tension
d’initialisation induit ledit premier courant (532)
dans ladite ligne de bits (504) destinée audit se-
cond groupe en créant une différence de tension
entre ladite ligne de bits (502) destinée audit pre-
mier groupe et ladite ligne de bits (504) destinée
audit second groupe, ledit premier courant (532)
passant de ladite ligne de bits (504) destinée
audit second groupe à ladite ligne de bits (502)
destinée audit premier groupe comme résultat
d’un couplage capacitif.

5. Procédé selon la revendication 1, dans lequel ladite
étape de fourniture consiste à :

relier à la masse ladite première ligne de bits
(502) destinée audit premier groupe d’éléments
de stockage non volatils.

6. Procédé selon la revendication 1, dans lequel ladite
étape de lecture dudit second élément non volatil
(520) consiste à :

détecter un courant de conduction (507) dudit
second élément de stockage non volatil (522)
pendant une première période d’échantillonna-
ge, ledit premier courant faisant augmenter une
valeur apparente dudit courant de conduction.

7. Procédé selon la revendication 6, dans lequel :

ladite lecture en l’absence dudit premier courant
(532) dans ladite ligne de bits (504) destinée
audit second groupe est effectuée pendant une
seconde période d’échantillonnage, ladite pre-
mière période d’échantillonnage précédant la-
dite seconde période d’échantillonnage.

8. Procédé selon la revendication 1, dans lequel :

ladite étape de lecture dudit élément de stocka-
ge non volatil (522) consiste à détecter si un
niveau de tension présent sur un circuit de dé-
tection destiné audit second groupe d’éléments
de stockage non volatils s’abaisse en dessous
d’un niveau prédéterminé correspondant à un
second état programmé au cours d’une premiè-
re période de temps ; et
ledit premier courant (532) passant dans ladite
ligne de bits (504) destinée audit second groupe
fait augmenter une vitesse à laquelle ledit niveau
de tension présent sur ledit circuit de détection
s’abaisse pendant ladite première période de
temps.

9. Procédé selon la revendication 1, dans lequel :

ledit premier groupe d’éléments de stockage
non volatils est une première chaîne NON-ET
(508, 514, 520, 526) ; et
ledit second groupe d’éléments de stockage non
volatils est une seconde chaîne NON-ET (510,
516, 522, 528) adjacente à ladite première chaî-
ne NON-ET (508, 514, 520, 526).

10. Procédé selon la revendication 9, dans lequel :

ledit premier élément de stockage non volatil
(520) est relié à une première ligne de mots
(WLi) ; et
ledit second élément de stockage non volatil
(522) est relié à ladite première ligne de mots
(WLi).

11. Procédé selon la revendication 1, dans lequel :

ledit premier état programmé est l’un d’une plu-
ralité d’états dans lesquels ledit premier groupe
d’éléments de stockage non volatils peut être
programmé ;
ladite tension d’initialisation est une première
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tension d’initialisation ;
ladite étape de lecture consiste à déterminer si
ledit premier élément de stockage non volatil
(520) est programmé dans ledit premier état pro-
grammé ou dans au moins un autre état pro-
grammé de ladite pluralité d’états ; et
ledit procédé consiste en outre à fournir une se-
conde tension d’initialisation à ladite ligne de bits
(502) destinée audit premier groupe d’éléments
de stockage non volatil si ledit premier élément
de stockage non volatil (520) est programmé
dans ledit au moins un autre état programmé.

12. Procédé selon la revendication 11, dans lequel :

une gamme de tensions de seuil dudit premier
état programmé est à un niveau plus élevé
qu’une tension de seuil dudit au moins un autre
état programmé ; et
ladite première tension d’initialisation est infé-
rieure à ladite seconde tension d’initialisation.

13. Procédé selon la revendication 1, dans lequel :

ladite étape de lecture dudit second élément de
stockage non volatil (522) est une seconde lec-
ture dudit second élément de stockage non vo-
latil (522) pour déterminer si ledit second élé-
ment de stockage non volatil (522) est program-
mé dans un second état programmé ; et
ladite étape de lecture dudit premier élément de
stockage non volatil (520) comprend une pre-
mière lecture dudit second élément de stockage
non volatil (522) pour déterminer si ledit second
élément de stockage non volatil (522) est pro-
grammé dans ledit premier état programmé.

14. Procédé selon la revendication 1, dans lequel :

ledit premier élément de stockage non volatil
(520) et ledit second élément de stockage non
volatil (522) font partie d’un ensemble d’élé-
ments de stockage non volatils, ledit premier
élément de stockage non volatil (520) faisant
partie d’un premier sous-ensemble dudit en-
semble et ledit second élément de stockage non
volatil (522) faisant partie d’un second sous-en-
semble dudit ensemble ;
des éléments de stockage non volatils dudit en-
semble sont connectés à une première ligne de
mots (WLi) et à des lignes de bits consécutives
(502, 504, 506) ;
ledit ensemble d’éléments de stockage non vo-
latils comprend une première page de données
et une seconde page de données ;
lesdits premier (520) et second (522) éléments
de stockage non volatils stockent chacun une
partie de ladite première page de données et

une partie de ladite seconde page de données ;
des éléments de stockage non volatils dudit pre-
mier sous-ensemble d’éléments de stockage
non volatils sont reliés à un premier sous-en-
semble desdites lignes de bits consécutives
(502, 506) qui comprend une ligne de bits sur
deux ; et
des éléments de stockage non volatils dudit se-
cond sous-ensemble d’éléments de stockage
non volatils sont reliés à un second sous-en-
semble desdites lignes de bits consécutives
(504) qui comprend une ligne de bits sur deux.

15. Procédé selon la revendication 1, consistant en outre
à :

lire un troisième élément de stockage non volatil
(524) d’un troisième groupe d’éléments de stoc-
kage non volatils pour déterminer si ledit troisiè-
me élément de stockage non volatil (524) est
programmé dans ledit premier état ; et
fournir une tension d’initialisation à une ligne de
bits (506) destinée audit troisième groupe s’il est
déterminé que ledit troisième élément de stoc-
kage non volatil (524) est dans ledit premier état
programmé,
ladite fourniture conduisant à un second courant
(534) dans ladite ligne de bits (504) destinée
audit second groupe ;
dans lequel ladite lecture dudit second élément
de stockage non volatil (522) consiste à lire ledit
second élément de stockage non volatil (522)
tandis que ledit premier courant (532) et ledit
second courant (534) sont présents dans ladite
ligne de bits (504) destinée audit second groupe
d’éléments de stockage non volatils si ledit troi-
sième élément de stockage non volatil (524) est
programmé dans ledit premier état programmé.

16. Système de mémoire non volatil, comprenant :

un premier groupe d’éléments de stockage non
volatils reliés à une première ligne de bits (502),
ledit premier groupe d’éléments de stockage
non volatils comprenant un premier élément de
stockage non volatil (520) ;
un second groupe d’éléments de stockage non
volatils reliés à une seconde ligne de bits (504),
ledit second groupe d’éléments de stockage non
volatils comprenant un second élément de stoc-
kage non volatil (522), dans lequel ladite pre-
mière ligne de bits (502) est adjacente à ladite
seconde ligne de bits (504) ; et
au moins un bloc de lecture (SA1, SA2) en com-
munication avec ledit premier groupe d’élé-
ments de stockage non volatils et avec ledit se-
cond groupe d’éléments de stockage non vola-
tils, dans lequel ledit au moins un bloc de lecture
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(SA1, SA2) :

reçoit une demande de lecture dudit second
élément de stockage non volatil (522) dudit
second groupe ;
lit au moins ledit premier élément de stoc-
kage non volatil (520) dudit premier groupe
en réponse à ladite demande ;
fournit une tension d’initialisation à ladite
première ligne de bits (502) si ledit premier
élément de stockage non volatil (520) est
programmé dans au moins un état prédé-
terminé, ladite tension d’initialisation con-
duisant à un premier courant (532) dans la-
dite seconde ligne de bits (504), et
lit ledit second élément de stockage non vo-
latil (522) tandis que ledit premier courant
(532) est présent dans ladite seconde ligne
de bits (504) si ledit premier élément de
stockage non volatil (520) est programmé
dans ledit au moins un état prédéterminé,
dans lequel ledit premier courant (532) pré-
sent dans ladite seconde ligne de bits (504)
fait augmenter un courant de conduction
apparent dudit second élément de stockage
non volatil (522) ; et
lit ledit second élément de stockage non vo-
latil (522) en l’absence dudit premier cou-
rant (532) dans ladite seconde ligne de bits
(504) si ledit premier élément de stockage
non volatil (520) n’est pas programmé dans
ledit au moins un état programmé.

17. Système de mémoire non volatil selon la revendica-
tion 16, dans lequel :

ledit au moins un état prédéterminé comprend
une pluralité d’états.

18. Système de mémoire non volatil selon la revendica-
tion 17, dans lequel :

ladite fourniture consiste à fournir une même
tension d’initialisation quel que soit l’état de la-
dite pluralité d’états dans lequel se trouve ledit
premier élément de stockage non volatil (520).

19. Système de mémoire non volatil selon la revendica-
tion 17, dans lequel :

ladite pluralité d’états comprend au moins un
premier état et un second état ; et
ladite étape de fourniture consiste à appliquer
une première tension d’initialisation si ledit pre-
mier élément de stockage non volatil (520) est
dans ledit premier état programmé et une se-
conde tension d’initialisation si ledit premier élé-
ment de stockage non volatil (520) est dans ledit

second état programmé.

20. Système de mémoire non volatil selon la revendica-
tion 16, dans lequel :

ledit premier élément de stockage non volatil
(520) et ledit second élément de stockage non
volatil (522) sont chacun reliés à une première
ligne de mots (WLi).

21. Système de mémoire non volatil selon la revendica-
tion 16, dans lequel :

ledit au moins un bloc de lecture (SA1, SA2)
comprend un premier bloc de lecture (SA1) en
communication avec ledit premier groupe d’élé-
ments de stockage non volatils et un second
bloc de lecture (SA2) en communication avec
ledit second groupe d’éléments de stockage non
volatils ;
ledit premier bloc de lecture (SA1) lit ledit pre-
mier élément de stockage non volatil (520) et
fournit ladite tension d’initialisation ; et
ledit second bloc de lecture (SA2) lit ledit second
élément de stockage non volatil (522).

22. Système de mémoire non volatil selon la revendica-
tion 16, dans lequel :

ledit bloc de lecture (SA1, SA2) comprend au
moins un circuit de lecture et un processeur.

23. Système de mémoire non volatil selon la revendica-
tion 16, comprenant en outre :

au moins un circuit de gestion en communication
avec ledit au moins un bloc de lecture (SA1,
SA2) ;
dans lequel ledit au moins un bloc de lecture
(SA1, SA2) est sous le contrôle dudit au moins
un circuit de gestion.
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